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Executive Summary

The Problem Solving in Technology-Rich Environ-
ments (TRE) study is the last of three field investi-
gations in the National Assessment of Educational
Progress (NAEP) Technology-Based Assessment
Project, which explores the use of new technology in
administering NAEP. The TRE study was designed to
demonstrate and explore an innovative use of com-
puters for developing, administering, scoring, and
analyzing the results of NAEP assessments. The prior
two studies, Mathematics Online (MOL) and Writing
Online (WOL), compared online and paper testing
in terms of issues related to measurement, equity, ef-
ficiency, and operations.

In the TRE study, two extended scenarios were cre-
ated for measuring problem solving with technology.
These scenarios were then administered to nationally
representative samples of students. The resulting data
were used to describe the measurement characteris-
tics of the scenarios and the performance of students.

The context for the problem-solving scenarios
was the domain of physical science. The TRE Search
scenario required students to locate and synthesize
information about scientific helium balloons from a
simulated World Wide Web environment. The TRE
Simulation scenario required students to experiment
to solve problems of increasing complexity about
relationships among buoyancy, mass, and volume;
students viewed animated displays after manipulat-
ing the mass carried by a scientific helium balloon
and the amount of helium contained in the balloon.
Both scenarios targeted grade 8 students who were
assumed to have basic computer skills; basic exposure
to scientific inquiry and to concepts of buoyancy,
mass, and volume; and the ability to read scientifically
oriented material at a sixth-grade level or higher.

In the TRE study, data were collected from a na-
tionally representative sample of grade 8 students in
the spring of 2003. Over 2,000 public school students
participated, with approximately 1,000 students tak-
ing each assessment scenario. (See appendix B for
detailed information about the TRE sample selec-
tion.) Students were assigned randomly within each
school to one of the scenarios—Search or Simulation.
Students took the scenarios on school computers via
the World Wide Web or on laptop computers taken
into the schools. For both scenarios, data were col-
lected about student demographics; students’ access
to computers, use of computers, and attitudes toward
them; and students’ science coursetaking and activities
in school.

Methodology

The TRE study used Evidence-Centered Design
(ECD) (Mislevy, Almond, and Lukas 2003) to de-
velop the interpretive framework for translating the
multiplicity of actions captured from each student
into inferences about what populations of students
know and can do. In ECD, the key components of
the interpretive framework are student and evidence
models. The student model represents a set of hy-
potheses about the components of proficiency in a
domain and their organization. The evidence model
shows how relevant student actions are connected to
those components of proficiency, including how each
relevant action affects belief in student standing on
each proficiency component. The structure provided
by ECD is particularly important for complex assess-
ments like TRE, for which meaningful inferences
must be drawn based on hundreds of actions cap-
tured for each student.

For the purposes of TRE, the student model
represented the components of student proficiency
in the domain of problem solving in technology-rich
environments. Two primary components were postu-
lated: scientific inquiry and computer skills. Scientific
inquiry was defined as the ability to find informa-
tion about a given topic, judge what information is
relevant, plan and conduct experiments, monitor
efforts, organize and interpret results, and commu-
nicate a coherent interpretation. Computer skills
were defined as the ability to carry out the largely
mechanical operations of using a computer to find
information, run simulated experiments, get informa-
tion from dynamic visual displays, construct a table or
graph, sort data, and enter text.

Evidence of these skills consisted of student ac-
tions called “observables.” Observables were captured
by computer and judged for their correctness using
scoring criteria called “evaluation rules,” and summa-
ry scores were created using a modeling procedure
that incorporated Bayesian networks (Mislevy et al.
2000). Bayesian models belong to a class of methods
particularly suited to the TRE scenarios because these
methods account for multidimensionality and local
dependency, neither of which is explicitly handled by
the measurement models typically used in NAEP
assessments.

The TRE Scenario Scales and Results

Because the TRE study used measures that are ex-
perimental, data were analyzed to explore how well
the TRE scenario scales captured the skills they were
intended to summarize. For each scenario, the follow-
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ing measures were obtained: internal consistency; the
relations of student scores to students’ prior knowledge;
the TRE scale intercorrelations; the correlations of
each observable with each subscale; the locations of the
observables on the scales; the response probabilities
for prototypic students (i.e., hypothetical students with
low, medium, and high levels of proficiency); and the
relations of relevant student background information
to performance. Results were considered to be statisti-
cally significant if the probability of obtaining them by
chance alone did not exceed the .05 level.

Readers are reminded that the TRE project was
intended as an exploratory study of how NAEP can use
technology to measure skills that cannot be easily mea-
sured by conventional paper-and-pencil means. This re-
port will discuss the ability of a nationally representative
student sample to solve problems using technology in
the TRE context. However, the results pertain to student
performance in only two scenarios employing a limited
set of technology tools and a range of science content
sufficient only for demonstration purposes. Therefore,
results cannot be generalized more broadly to problem-
solving in technology-rich environments for the nation’s
eighth-graders.

The Search Scales and Results

TRE Search consisted of 11 items (or observables) and
produced a total score and two subscores, scientific
inquiry and computer skills.

¢ The internal consistency of the three TRE Search
scores (total, scientific inquiry, and computer skills)
ranged from .65 to .74, as compared to .62 for the
typical main NAEP science assessment hands-on task
block, which, although measuring skills different
from TRE, also includes extended, problem-solving
tasks.

* The Search scores provided overlapping but not
redundant information; the (disattenuated) intercor-
relation of the subscores was .57. This value contrasts
with intercorrelations of .90 to .93 for the main
NAEP science assessment scales.

* The scientific inquiry skill scale score was most
related in the student sample to the following scale
observables: the relevance of the World Wide Web
pages visited or bookmarked, the quality of the con-
structed response to a question designed to motivate
students to search for and synthesize information
from the Web, and the degree of use of relevant
search terms (rrange between performance on the
observable and scale score = .51 to .71).

* The computer skills scale score was related in the
student sample primarily to the following scale
observables: the use of hyperlinks, the use of the Back
button, the number of searches needed to get relevant
hits (an efficiency measure), and the use of bookmark-
ing (rrange = .60 to .69).

* Statistically significant differences in performance
were found on one or more TRE Search scales for
NAEP reporting groups categorized by race/ethnicity,
parents’ highest education level, students’ eligibility
for free or reduced-price school lunch, and school
location. No significant differences were found, how-
ever, for reporting groups categorized by gender.

The TRE Simulation Scenario Scales and Results

The TRE Simulation scenario consisted of 28 observables
and produced a total score and three subscores: scientific
exploration, scientific synthesis, and computer skills.

* The internal consistency of the four scales ranged
from .73 to .89, as compared to .62 for the typical
main NAEP science assessment hands-on task block,
which, although measuring skills different from TRE,
also includes extended, problem-solving tasks.

¢ The Simulation scores provided overlapping but not
redundant information; the (disattenuated) inter-
correlations of the subscores ranged from .73 to .74.
These values contrast with intercorrelations of .90 to
.93 for the main NAEP science assessment scales.

* The scientific exploration skill scale score was most re-
lated in the student sample to three scale observables:
which experiments students chose to run to solve the
Simulation problems, whether students constructed
tables and graphs that included relevant variables for
solving the problems, and the degree to which experi-
ments controlled for one variable in the one problem
demanding controlled experimentation.

* The scientific synthesis scale score was primarily
related in the student sample to the degree of correct-
ness and completeness of conclusions drawn for each
Simulation problem.

¢ Performance on the computer skills scale was related
in the student sample mainly to the number of charac-
ters in the written responses students gave for each of
the three Simulation problems.

* Statistically significant differences in performance
were found on one or more TRE Simulation scales for
NAEP reporting groups categorized by race/ethnicity,
parents’ highest education level, and students’ eligibil-
ity for free or reduced-price school lunch. No signifi-
cant differences were found, however, for reporting
groups categorized by gender or school location.
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Foreword

The Research and Development series of reports has been initiated for the
following goals:

1. To share studies and research that are developmental in nature. The results of
such studies may be revised as the work continues and additional data become
available.

2. To share results of studies that are, to some extent, on the cutting edge
of methodological developments. Emerging analytical approaches and
new computer software development often permit new, and sometimes
controversial, analysis to be done. By participating in “frontier research,”
we hope to contribute to the resolution of issues and improved analysis.

3. To participate in discussions of emerging issues of interest to educational
researchers, statisticians, and the federal statistical community in general.
Such reports may document workshops and symposiums sponsored by the
National Center for Education Statistics (NCES) that address methodological
and analytical issues or may share and discuss issues regarding NCES practice,
procedures, and standards.

The common theme in all three goals is that these reports present results or
discussions that do not reach definitive conclusions at this point in time, either
because the data are tentative, the methodology is new and developing, or the
topic is one on which there are divergent views. Therefore, the techniques and
inferences made from the data are tentative and are subject to revision. To
facilitate the process of closure on the issues, we invite comment, criticism, and
alternatives to what we have done. Such responses should be directed to:

Marilyn M. Seastrom

Chief Statistician

Statistical Standards Program

National Center for Education Statistics
1900 K Street NW, Suite 9000
Washington, DC 20006
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Introduction

For more than 30 years, the National Assessment of
Educational Progress (NAEP) has regularly collected,
analyzed, and reported valid and reliable informa-
tion about what American students know and can do
in a range of subject areas. As authorized by the U.S.
Congress, NAEP typically assesses nationally repre-
sentative samples of students in grades 4, 8, and 12.
Since 1990, NAEP has also assessed representative
samples of students at grades 4 and 8 in states and
other jurisdictions that participate in the NAEP state-
by-state assessments. In 1988, Congress established
the National Assessment Governing Board to oversee
and set policy for NAEP.

In response to the ever-increasing importance of
technology in educational and workplace settings,
and to maintain its leadership role in the area of
large-scale assessment, NAEP initiated the Technology-
Based Assessment (TBA) Project in 1999. The TBA
Project was intended to explore the many uses of
new technology in NAEP, among them specific NAEP
processes (e.g., item creation, test delivery), assess-
ment of specific content domains, and assessment of
technology skills.

The TBA Project focused on several key questions:

1. What are the measurement implications of using technol-
ogy-based assessment in NAEP? Technology-based
assessment may change the meaning of our mea-
sures in unknown ways. It may allow assessment
of skills that could not be measured using paper
and pencil or preclude measuring skills that could
be tested by conventional means. It may allow the
assessment of emerging skills, particularly those
requiring students to employ new technology in
learning and problem solving.

2. What are the implications for equity? If not carefully
designed, technology-based assessment could
inaccurately reflect the skills of some groups of
students, especially those with differing degrees
of access to computers. At the same time, it could
increase participation of students with disabilities.
It may also better reflect the skills of students who
routinely use the computer to perform academic
tasks like writing.

3. What are the efficiency implications of using technology-
based assessment compared with paper and pencil?
Along with other new technologies, the Internet
may afford significant time and cost savings for
large-scale assessments.

4. What are the operational implications of technology-based
assessment? Moving from a paper-based program to
an electronic one raises significant issues concern-

ing school facilities, equipment functioning, admin-
istrator responsibilities, and school cooperation.

To answer these questions, the NAEP program un-
dertook three empirical studies with students: Math
Online (MOL; Sandene at al. 2005), Writing Online
(WOL; Horkay et al. 2005), and Problem Solving in
Technology-Rich Environments (TRE).

The MOL and WOL studies were designed to
investigate the effects of delivering existing paper
tests via computer. In contrast, the TRE study was
designed to demonstrate and explore innovative uses
of computers in NAEP by developing two sample
extended problem-solving scenarios. This report
describes the methodology, technology, and results of
the TRE study.

The TRE Project was guided by several principles:

1. TRE should use the computer to do what cannot easily be
done on paper. The TRE scenarios allow students to
answer questions by searching electronic databases
and by using a simulation tool to conduct experi-
ments. All student actions are captured by comput-
er for later scoring, allowing for evaluation of the
processes used in problem solving. These capabili-
ties could not be easily achieved with conventional
paper-and-pencil testing. Chapter 1 of this report
describes in detail the two grade 8 TRE problem-
solving scenarios—the Search scenario and the
Simulation scenario.

2. TRE should represent the type of problem solving done
with computers in educational and work environments.
TRE attempts to capture the multidimensionality
characteristic of problem solving with technology
by requiring students to demonstrate both science
skills and basic facility with the computer. Further,
technology in TRE is used as a means of solving
substantive problems, rather than as an end in
itself.

3. To the degree possible, TRE should allow the disentan-
gling of component skills. The two TRE scenarios
were intended to measure both basic computer
skills and science skills in an integrated way; that is,
students would need to use both skill sets simulta-
neously to solve the problems in the scenarios. For
example, students were required to demonstrate
mastery of searching for information in a World
Wide Web environment, but this skill was to be
used in a specific scientific domain that demanded
the ability to select and synthesize relevant scien-
tific material.

A consequence of this close integration of
skills, however, is that a deficiency in one skill can
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prevent the expression of another. The TRE team
sought to limit such occurrences in several ways.
For example, to reduce the chances that limited
computer skills would keep students from show-
ing their science skills, tutorials were supplied to
help students understand the scenario interfaces,
common interface conventions were used (e.g.,
dialog boxes and wizards), and a computer-related
help function was made available. To prevent lack
of science skills from impeding the demonstration
of computer skills, students were supplied with

a science help tool to access basic information
relevant to both scenarios; the Simulation inter-
face tools were organized to facilitate a structured
inquiry process built around designing experi-
ments, running experiments, and interpreting
results; certain choices in the Simulation scenario
were constrained (e.g., the choice of variables to
include on each graph axis); and the Simulation
scenario began with a relatively simple problem.
Finally, an interpretive framework was used that
allowed for the simultaneous estimation of related
proficiencies.

4. TRE should be positioned so it can inform the develop-
ment of a future assessment of emerging skills or of more
traditional subject matter. It should be possible to in-
corporate meaningful exercises using a simulation
tool or electronic information search into existing
NAEP subject-matter assessments; for example, a
likeness of the TRE Simulation scenario could find
a logical place in the NAEP science assessment to
measure skills needed for scientific investigation.
It should also be possible to use the TRE scenarios
as models for measures of problem solving with
technology generally.

5. TRE should be an assessment, not instruction, but
students should be able to learn from it incidentally.
Both scenarios involve discovery; hence, students
may learn from working with the TRE scenarios in
a way that participation in the typical large-scale
assessment does not provide.

Overview of the Study

Educational Testing Service (ETS) assessment de-
velopment and research staff created the two TRE
scenarios with expert input and reviews from a TRE
Development Committee. The committee was com-
posed of science and technology educators and cur-
riculum experts. (The membership of this committee

can be found in appendix A.) NCES staff provided
oversight and guidance as to the appropriate direc-
tion and nature of the scenarios. The development of
the TRE scenarios was further informed by a variety
of sources, among them the NAEP Science Frame-
work (National Assessment Governing Board 2000)
and current research in problem solving and scien-
tific inquiry. Also important were various state and
national science and technology standards, including
the National Science Education Standards (National
Academy of Sciences 1996) and the National Educa-
tional Technology Standards (International Society
for Technology in Education 2002).

The scenarios were created for grade 8 students
who were assumed to have basic computer skills;
basic exposure to scientific inquiry and to concepts of
buoyancy, mass, and volume; and the ability to read
scientifically oriented material at between a sixth-
grade and an eighth-grade level. NAEP project staff
assumed that most grade 8 students have at least basic
computer skills because the 2002 NAEP Writing On-
line data suggest that virtually all students use com-
puters for schoolwork at least to some extent (Horkay
et al. 2005). Further, because of the prevalence of
experimental methodology and physics content in
grade 8 science curricula, NAEP project staff assumed
that members of the grade 8 population have had
some basic exposure to scientific inquiry and to basic
concepts of buoyancy, mass, and volume.!

The TRE study tested a nationally representative
sample of grade 8 students in the spring of 2003.
Over 2,000 public school students participated, with
approximately 1,000 students taking each assessment
scenario. (See appendix B for detailed information
about the TRE sample selection.) Students were as-
signed randomly within each school to one of the sce-
narios—Search or Simulation. For both scenarios, data
were collected about student demographics; students’
access to, use of, and attitudes toward computers; and
students’ science coursetaking and activities in school.
Additionally, before starting each scenario, students
answered prior knowledge questions designed to
determine the degree to which they had the computer
and/or science knowledge and skills being assessed.

Staff members employed by Westat, the NAEP data
collection contractor, administered the TRE scenar-
ios and proctored all administrations using proce-
dures generally similar to those employed for NAEP
assessments. Testing was conducted either on school

! A range of state curricula surveyed by the authors included experimental activities and methods as well as mastery of the basic concepts of
buoyancy, mass, and volume at the eighth-grade (middle school) level. Two typical examples are state middle school curricula for North
Carolina and Massachusetts (North Carolina State Department of Education 2004; Massachusetts Department of Education 2001).
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computers connected to the Internet or on laptop
computers brought in by NAEP administrators. All
computers, whether supplied by the school or by
NAEP, had to meet minimum hardware and software
specifications to ensure that the test would operate
uniformly (see appendix C for these specifications).
NAEP staff at ETS conducted the scoring and analysis
of results.?

Analysis of student responses was conducted for
two purposes. The first purpose was to evaluate the
functioning of the TRE scenarios. The analyses in-
cluded internal consistency, the relations of student
scores to students’ prior knowledge, the TRE scale
intercorrelations, the correlations of each observable
with the TRE subscales, the locations of the observ-
ables on the scales, the response probabilities for
prototypic students (i.e., hypothetical students with
different levels of proficiency), and the relations of
relevant student background information to perfor-
mance. The second purpose was to describe student
performance on the scenarios in quantitative and
qualitative terms. For differences in mean scores and
for differences from zero of correlation coefficients,
.05 was used as the level for deciding that a result was
statistically significant, with score differences between
group means evaluated for statistical significance us-
ing independent ttests.

Chapter 1 of this report describes in detail two
grade 8 TRE problem-solving scenarios—the Search
scenario and the Simulation scenario. Chapter 2
describes how the TRE team used Evidence-Centered
Design (ECD; Mislevy, Almond, and Lukas 2003;
Mislevy et al. 2001) to help develop an interpretive
framework for translating the multiplicity of actions
captured from each student who took TRE into infer-
ences about student proficiency. Chapter 3 describes
TRE student responses to background questions con-
cerning computer use, attitudes toward computers,
and engagement in school science. Chapter 4
discusses how the evaluation rules, or scoring crite-
ria, developed using ECD were applied to student
performances by both machine and human scoring,
and chapters b and 6 present the results of analyses of
student performance. Finally, chapter 7 summarizes
the TRE study results.

The appendixes that appear in this report are
as follows: appendix A lists the members of the TRE

Development Committee; appendix B discusses the
TRE assessment sample selection process; appendix
C identifies the computer specifications for schools
that participated in the TRE assessment; appendix D
presents the prior-knowledge computer and science
questions students took before each scenario, and
the background questions students responded to
when they had completed the scenarios; appendix E
shows the Simulation scenario tutorial and individual
screens from the Computer and Science Help in the
Simulation scenario; appendix F discusses the use

of Bayesian estimation in the study; appendix G lists
the rules used for the ETS automated scoring tool,
crater, for scoring students’ search queries; appendix
H presents the Search and Simulation scenario scale
scores and percentiles by student reporting groups;
appendix I presents summary statistics for prior-
knowledge measures and mean scale scores for back-
ground-question response options; appendix | shows
student performance on observables for the Search
and Simulation scenarios; and appendix K presents
definitions for each of the TRE student reporting
groups.

Limitations of the Study

Readers are reminded that the TRE project results
pertain to student performance in only two scenarios.
These scenarios employed a limited number of
technology tools and a range of content sufficient for
demonstration purposes only.

A second limitation is that the TRE study was not
based on an existing NAEP content-area framework.
As such, the conceptualization of the TRE construct
domain used in this study did not involve the broad
representation of diverse constituencies typical of
NAEP assessment frameworks.

A third limitation is that the TRE assessment
instruments and analysis methods were experimental
ones drawing upon extended computer-delivered
performance tasks and Bayesian modeling methods
not previously used in NAEP assessments.

Because of these limitations, TRE study results
should not be generalized to problem solving in
technology-rich environments for the nation’s eighth-
graders, nor should they be used to draw general con-
clusions about the science knowledge or computer
skills of those students.

2 No analysis of performance on laptops vs. school computers was conducted because the meaning of any observed performance differ-
ences would be ambiguous. Since the assignment of students to computer type was not done at random but rather according to the fit of
school technology infrastructure with the requirements of the test delivery system, performance differences could be caused by differ-
ences in other factors related to the quality of school technology (e.g., in socioeconomic status) and not by differences in the suitability of
one or the other computer type for online assessment. Further, there were no measures of skill independent of computer type that could
have been used to adjust statistically for pre-existing differences between groups. But see Horkay et al. 2005 for an analysis of performance

differences on laptops vs. school computers for 8th-grade students.
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Chapter 1: The TRE Construct Domain and Problem-Solving Scenarios

The TRE Construct Domain

There is no existing NAEP framework for the domain
of “Problem Solving in Technology-Rich Environ-
ments.” As a result, that construct domain needed

to be defined by the TRE team—i.e., the research
scientists, test developers, and a Development Com-
mittee of technology and science education advi-

sors who worked on the project (see appendix A for
Development Committee membership). The domain
definition process involved drawing upon a variety of
sources, including national education standards in
technology and science, relevant research literature,
and the expertise and experience of the Development
Committee. The resulting domain conceptualization,
described below, served as the basis for creating the ex-
perimental measures used in this demonstration proj-
ect. Readers should recognize that this conceptualiza-
tion process did not involve the broad representation
of diverse constituencies typical of NAEP assessment
frameworks, and the conclusions drawn from TRE
study results should, therefore, be limited accordingly.

The domain of “Problem Solving in Technology-
Rich Environments” (TRE) was conceptualized as the
intersection of content areas and technology environ-
ments. Problem solving with technology can occur
in a range of content areas, such as biology, physics,
economics, and history. Similarly, various technology
environments such as databases, text editors, simula-
tion tools, dynamic visual displays of information,
spreadsheets, and presentation tools can be used to
solve problems in these content areas.

The TRE team chose to sample from the universe
of content areas and technology environments so
that one content area—the physical science associ-

Figure 1-1.

ated with helium gas balloons used for space explora-
tion—carried through different technology environ-
ments. Using the same content across technology
environments is consistent with the emphasis in the
research literature on extended problem solving
because the student remains situated in the same
context throughout the assessment and, thus, has
greater opportunity to apply response processes that
might not be engaged by presenting a series of more
elemental, unrelated tasks (Baxter and Glaser 1998;
Nichols and Sugrue 1999). In addition, emphasizing
content expresses the view that, in real-world settings,
problem solving with technology is driven by the
problem, and not by the technology.

Science was chosen as a content area because com-
puters are used routinely as scientific problem-solving
tools in advanced academic and work environments,
and because these tools are increasingly being used
in secondary school for instructional purposes. Fur-
ther, a range of state middle school science standards,
the National Education Technology Standards, and
the National Science Education Standards typically
cite scientific inquiry, problem solving with technol-
ogy, and the use of simulation as key proficiencies
(International Society for Technology in Education
1998; National Academy of Sciences 1996). The
topic of helium gas balloons was selected because
it is a working application of fundamental physical
principles, like buoyancy and its relationship to mass
and volume, in a context expected to be engaging to
middle school students.

Figure 1-1 represents the TRE conception of prob-
lem solving with technology. In the figure, the TRE
measure is indicated within the content area of phys-

Domain conception for problem solving in Technology-Rich Environments, grade 8: 2003

Content area Database Text editor

Dynamic visual

Simulation

Presentation and
communication
Spreadsheet tools

Interactive
feedback

display of
information?

Biology
Ecology
Physics
Balloon science?
Economics

History

L A dynamic display changes in real time.
2The shaded area indicates the coverage of the scenarios.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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ics. The specific scenarios developed for the current
study incorporate several technology uses within the
same problem context, denoted by the shaded area.
Note that very different measures would have result-
ed if the focus had been on a single technology use
across different content areas. Also note that, because
the measure is an example, it covers only a small
portion of this hypothetical problem-solving domain,
too small for any inferences to be made from study
results to performance in problem solving in technol-
ogy-rich environments generally.

In developing the Simulation scenario, the TRE
team drew on the research of Glaser and associates, as
well as that of others (Raghavan, Sartoris, and Glaser
1998; Schauble et al. 1991, 1992; Shute and Glaser
1990, 1991; White and Frederiksen 1998). The com-
mon theme running through this research is the
“discovery environment.” A discovery environment
is a “microworld” where a student can experiment to
construct an understanding of some underlying phe-
nomenon, often physical in nature. Although these en-
vironments have primarily been used for instructional
purposes, they also hold promise for assessment.

Among the more compelling models of such envi-
ronments were the “Deformed Frog” scenario from
the Knowledge Integration Environment (KIE) project
at the Graduate School of Education at the Univer-
sity of California at Berkeley, which involves students
in researching web-based information and testing
hypotheses about what is causing deformation among
frogs in North America (KIE 1997), and “Smithtown,”
developed at the University of Pittsburgh (Shute and
Glaser 1990). In Smithtown, students learn basic
macroeconomics concepts and scientific inquiry skills
by conducting experiments in a simulation setting.
Therefore, Smithtown was very helpful as a model for
how to organize and present a computer-based tool
for making and testing hypotheses. The “Jasper” series,
developed by the Cognition and Technology Group
at Vanderbilt University (although not a computer-
based microworld), was an interesting model in which
students must discover underlying mathematics and
science concepts to solve hands-on design problems
(Learning Technology Center 1992). While these
projects are set in a variety of content areas, all of them
offer students opportunities and sufficient context to
form and test hypotheses and draw conclusions about
underlying phenomena.

Research done by Schauble was particularly infor-
mative for the kinds of reasoning and strategies the
TRE team wanted to measure, and what the team
sought to avoid, namely, laboratory exercises in which

students “follow prescribed procedures and hope
to achieve the right answer” (Schauble et al. 1995,
p- 133). This kind of activity is also criticized in the
NAEP Science Framework:

Many...so-called performance assessment
scenarios...[are] reduced to “follow-the-instruc-
tions” problems. No inferences about a student’s
knowledge of science or its tools and procedures
can be drawn from such exercises. (National As-
sessment Governing Board 2000, p. 33)

Instead, the TRE team sought to design scenarios
that would feature (as far as possible in a large-scale
assessment—versus a classroom—context) the kind of
exploration characteristic of real-world problem solving.

Finally, the Search scenario was based on research
about proficient and novice electronic information-
finding behaviors of adolescents and adults (Fidel et al.
1999; Klein, Yarnall, and Glaubke 2001; Salterio 1996;
Schacter, Chung, and Dorr 1998). Of particular use was
aweb-search study carried out by the National Center
for Research on Evaluation, Standards, and Student
Testing (CRESST), which suggested behaviors that
might be used as markers of search proficiency (Klein,
Yarnall, and Glaubke 2001, 2003). As with the Simula-
tion scenario, the various documents describing stan-
dards for students’ science and technology skills were
also relevant because of their references to electronic
information search as a desired proficiency (ISTE 1998;
Riley, Holleman, and Roberts 2000).

The TRE Problem-Solving Scenarios in Detail

The following section presents the two TRE scenarios
in detail as a context for understanding the study.
The discussion of the design and components of each
scenario is accompanied by selected screen shots.

The TRE Search Problem-Solving Scenario

Figures 1-2 through 1-5 display the progression
through the Search scenario. Students first received a
set of prior science and computer knowledge ques-
tions (shown in appendix D) and worked through a
brief (5 minute) tutorial (not shown) to introduce
them to the Search interface. They were then shown
the scenario directions presented in figure 1-2. The
prior knowledge questions were intended to give a
rough measure of students’ degree of familiarity with
the science and computer-related concepts being
assessed. Although the Search interface was designed
to be as close to a standard web search browser as
possible, some features—such as buttons for reading
directions and accessing the box to enter answers—
are particular to the TRE software.
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Figure 1-2. Computer screen with directions for TRE Search scenario, grade 8: 2003

20 MINUTES RAEPFP THRE OQFLINE

TRE Search Task Directions

Inthis section you will search a specially created version of the World Wide Web to find information about helium gas
balloons 50 that yoll can answer one question

Your goal is to:

1. Search for the best infarmation you can find to answer the question.

2. Bookmark the best pages you find.

2. Answer the question in your own words. You must use informealion from &l least two web pages or sites for vour
arswWEr

You will be scored on:
o hiowveweell you search,
« the quality of the pages you bookmark, and
« how thoroughly and accurately you answer the question.

If you wish to take notes, you may use the space at the bottom of the page where you will be answering the question. Your
notes will not be scored.

If you need help while working. click on the HELP button or use Tips for Searching on the search page. To see these
directions again at any time while you are working, click on the Directions button,

You will have 40 minutes to complete the task. The time you have remaining appears in the upper left cormner of your screen.
When you have answered the question, click NEXT to move to the next section.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

The directions, shown in figure 1-2, were designed
to introduce students to the tasks they would be
performing and to let them know the basis on which
their responses would be evaluated: their searching
adequacy, the quality of the information they located,
and the quality of their answers to the question
(referred to in this report as the “problem”) posed to
motivate their searching.

After the directions screen, students moved to the
Search interface (see figure 1-3) to which they had
been introduced in the tutorial. The problem intend-
ed to motivate students’ searching was located, and
always visible, on the left-hand side of the screen. Also
always visible was a summary of scoring criteria for
students’ work. On the right side was a web browser
created for the purposes of this TRE scenario. At
the top of the browser was a toolbar that included
buttons for moving back and forth among pages,
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Figure 1-3. Computer screen with TRE Search motivating problem in left pane and web browser in right pane, grade 8: 2003

38 MIHUTES

nAEP THE OnNLIRNE

QUESTION 1 OF 1 53

Some scientists study Back Forward B

il

\

View Directions

* =
Holp

space with large helium
gas balloons. These
balloons are usially
launched from the ground
into space but can also be
launched from spacecraft
near other planets.

Wiy do scientists use Enter your search below:
these gas balloons to

B o e oo e

Tips for searching

explore outer space and |
the atmosphers instead of
using sateliles, rockels, or
other tools? Be sure to
explain at least three
advantages of using gas
balloons.

Base your answer on maore
than one web page or site.
Be sure to wirite your

answer in your own worgs!

Youwill be scored on:

o howeveell vou search,

o lhe quality of your
bookmarks, and

« how wiell you answer
the questions

Copy=Cril+c
Paste = Ctrl + v
Find = Ctrl +f

1f you want to narrow your search, try placing the word
"and" between your search terms.

NEXT

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

returning to the search page, bookmarking, viewing
bookmarks, getting more extensive directions, receiv-
ing science help, and going to a page to take notes or
answer the motivating problem. In the center of the
browser page were a space for entering queries and a
link to tips for searching.

The motivating problem in the left-hand column
of the screen, shown again in figure 1-4, was devel-
oped over many iterations and pilots of the scenario
with students. The problem was designed to be open
enough to encourage searching, and yet specific
enough so that reasonably skilled searching would
supply substantive information to answer it within the
40-minute time allotted for the Search scenario.?

Skilled searching using relevant terms from the
motivating problem and methods for focusing search-
es (e.g., quotations, use of “near” and “or”) yielded
a list of pages, including some suitable for answering
the question. Unskilled searching that employed only
generic terms from the motivating problem (e.g.,
“balloon”), on the other hand, yielded less relevant
or irrelevant hits.

To ensure that the TRE universe was as authen-
tic as possible and would yield results ranging from
the very irrelevant to the highly relevant, with many
gradations in between, skilled and unskilled searches
were run to identify the kinds of pages students would
find by searching the real World Wide Web (WWW).
Web pages ranged from those pertaining to party bal-

3 The motivating problem refers to balloons being launched “into space” because that is how scientists often speak of the upper parts of the
atmosphere where the balloons operate. To date, only one balloon has been launched in the atmosphere of another planet (Venus), but
several countries have considered using balloons to explore the atmosphere of other planets.
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Figure 1-4. Computer screen with spaces for note-taking and for answering TRE Search motivating problem, grade 8: 2003

37 MINUTES

Some scientists study
space with large helium
gas balloons. These
balloons are usually
launched from the ground
into space but can also be
launched from spacecraft
near other planets.

Wy do scientists use
these gas balloons to

RAEFP THE ORLINE

2 & 2 B X F =

View Bookmark Directions

QUESTION 1 OF 1 83

£

Bock

Some scientists study space with large helium gas balloons, These balloons are usually launched from
the ground into space but can also be launched from spacecraft near other plancts.

Wy do scientists use these gas balloons to explore outer space and the atmosphere instead of using
satellites, rockers, or other foals? Be sure to explain at least three advantages of using gas balloons

Base your answer on more than one web page or site. Be sure to write your answer in your own words!

Typee your Answer here

explore outer space and
the atmosphere instead of
using sarellites, rockers, or
other tools? Be sure to
oplain at least throo
advantages of using gas
balloons.

Base your answer on more
than one web page or site.
Be sure to write your

answer inyour own words!

Type your notes here.

Youwll be scored on:

o how veell you search,

» the quality of your
bookmarks, and

» how wll you answor
the questions

Copy=Ctrl +¢
Paste = Ctrl +v
Find=Ctrl + f

NEXT

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

loons, which would be returned to students who used
undirected search queries such as “balloons,” to pages
from NASA describing uses of gas balloons in space
research. Once many thousands of pages had been col-
lected, a NAEP staff member assigned scores to each
page based on the relevance of the page to the Search
scenario motivating problem. The scores ranged from
alow of 1 to a high of 4. Two additional NAEP staff
members also rated all the pages considered by the
first rater to have at least some relevance, i.e., all pages
scored at least a “2.” Any differences in scores assigned

were resolved among the raters to ensure that pages
were properly scored for relevance.? Ultimately, a
sample of some 5,000 pages from the World Wide Web
was selected and used as the TRE web universe.

To maximize authenticity, students could use the
tool bar to cycle among searching, bookmarking, and
other activities, including responding to the motivat-
ing problem. Figure 1-4 shows the box for entering
both the response and any notes made while search-
ing. Students were permitted to take notes but were
told in the initial directions that their notes would not
be scored.®

4 Ratings were done by NAEP assessment development staff members and associates with graduate degrees according to criteria defined by
the rating group. Because group discussions of exemplars indicated that irrelevant pages were easily agreed upon, only pages receiving a

score of at least “2” were independently rescored.

5 As in any real-world, information-search task, students in the TRE study could have used non-technological alternatives like paper-and-
pencil or memory in place of electronic note-taking. The extent to which such alternatives were used could not be determined.
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To ensure that a response was collected from each then moved to a set of four multiple-choice questions
student, students could not leave the Search task designed to test how well they had synthesized the
without entering some text into the answer space. information they had found about the use of helium
Once students had made some attempt to answer the gas balloons in space exploration. As with the motivat-
question, they were given (assuming time had not run ing question, students could search while answering.
out) the option of reviewing their work. They were Figure 1-5 displays the synthesizing questions.

Figure 1-5. TRE Search synthesizing questions and answer options, grade 8: 2003

What is one important, current probler with using scientific gas balloons for space research?
) Many balloons cannol canry the necessary heavy equipment.
) Balloons cannot easily transrmit their data back to earth
o/ Balloons are very expensive to build, launch, and recover.
v Many balloons cannot stay aloft for lengthy periods of time.

 Hydrogen gas cannot safely be used to lift scientific balloons.

Why might scientists choose to use hellum balloons instead of rockets and satellites o research
space?

 DBalloons can withstand the effects of space travel better than many satellites and
rockets.

Balloons can be launched from a wider variety of locations than satellites and rackets.

Balloons are not affected by high winds as much as satellites and rockets.

Q¢

Balloons are more reliable lor conducting experiments where there is no gravily.

Balloons can be placed into higher orbits than satellites and rockets.

\:\

Why is the zero-pressure scientific balloon designed to drop ballast during flight?

To maintain a certain altitude when temperatures grow cool at night.

v

/ Tomaintain the necessary amaunt of helium inside the balloon.
) loensure that the balloon reaches its goal altitude after launch
%

To ensure that the balloon can return to earth after flight 1s completed.

o/ Toensure that the balloon maintains a constant internal pressure.
Why are scientific gas balloons only partially filled with helium before launch®

o/ Toprevent themn from going loo tigh
To allow room for the gas to expand

To kesp the balloons from rising too slowly

%
=

o Tokesp the balloons from becoming too heavy

0 To allow the balloons to be filled (launched) more quickdy.
J

To save money on an expensive gas.

NOTE: TRE = Technology-Rich Environments. Questions were presented individually, one per screen, and not as shown here.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Students had to answer all four multiple-choice
synthesizing questions before they could leave the
Search scenario. After completing the scenario, stu-
dents responded to background questions intended
to gather information about their demographic
characteristics, school science classes and activi-
ties, and computer familiarity. (The full text of the
background questions is available in appendix D.) A
detailed discussion of the percentages of students in
various background-question response categories ap-
pears in chapter 3 of this report.

The TRE Simulation Problem-Solving Scenario

Figures 1-6 through 1-22 illustrate the progression
students followed through the Simulation scenario.
Figures 1-6 and 1-7 display the introduction that stu-
dents received after they responded to a set of prior
science and computer knowledge questions, as they
did for the Search scenario. The introductory pages
told students the purpose of simulation tools gen-
erally and what kind of simulation tool they would
be working with during the course of the scenario,
and then explained how they would be applying the
simulation tool. “Back” and “Next” buttons on the
lower right-hand side of the screen allowed students
to navigate among the Simulation scenario pages, so
they could review the introductory pages.

Figure 1-6. Computer screen introducing use of simulation tools in science for the TRE Simulation scenario, grade 8: 2003

NOTE: TRE = Technology-Rich Environments..

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure 1-7. Computer screen introducing content of the TRE Simulation scenario, grade 8: 2003

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Moving at their own pace (with the understanding proceeded. These included definitions of “scientific
that they had 60 minutes to complete the scenario), balloon” and “payload,” and the maximum volume of
students were given some conditions and defini- the scientific balloon with which students experimented.

tions, as shown in figure 1-8, to keep in mind as they

Figure 1-8. Computer screen with conditions and definitions for the TRE Simulation scenario, grade 8: 2003

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

12 Problem Solving in Technology-Rich Environments



Figure 1-9 displays the first page of the tutorial for
the Simulation tool interface. (See appendix E for
screens in the Simulation tutorial.) During the tuto-
rial, students were introduced to each component
of the Simulation tool and were directed to run an
experiment and make a prediction about the results,
with the option of repeating the various steps of the
tutorial. (Note that the screen clearly indicated “Prac-
tice” in the upper left-hand side, so students knew
they were not yet being scored for their performances.)

The Simulation tool interface in many aspects re-
sembled instructional software and simulation games
students might already have encountered. For ex-
ample, the top of the interface featured a task bar for
designing, running, and interpreting experiments,
and the “Back” and “Next” buttons enabled students
to navigate among screens.

The problem to solve was displayed in the upper
right-hand corner. It asked students to determine
the relationship between payload mass and balloon
altitude. To design an experiment to explore this
relationship, students clicked on the Choose Values
button in the Design Experiment area. A prediction
could then be made about the results of the experi-
ment. Although making predictions was optional, the
interface alerted students that they could not make
predictions without having first chosen values for
experiments. When students were ready to run an
experiment, clicking Try It caused the instrument dis-
play to activate and caused the balloon in the flight
box to rise or remain stationary, depending on the
value of the payload mass chosen.

Students could construct tables or graphs if they
wished to keep track of experimental results by

Figure 1-9. Computer screen with the TRE Simulation scenario tutorial, grade 8: 2003

43 minutes

This screen shows the simulation tool
you will be using to solve the problem.

You can see the problem at the top of
the screen.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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clicking on the appropriate buttons under Interpret
Results. The interface then presented results for all
experiments run to that point. (Although it can be
argued that students should not have been able to ac-
cess data they did not explicitly record, the automatic
recording of data is typical in scientific simulation
environments.)

Students were able to watch the balloon rise in the
flight box, and could observe changes in the values
of dependent variables (altitude, balloon volume,
and time to final altitude) in the instrument panel
below that box. Values for the independent variables
(payload mass and amount of helium) were also
displayed in the instrument panel. When students
were ready to draw conclusions, they clicked on the

Draw Conclusions button under Interpret Results to
bring up a box where they could enter a response to
the problem featured on the upper right-hand part
of the screen. Students could continue to experiment
and use tables and graphs while they responded to
the question.

Three forms of help were offered, as indicated by
the buttons in the lower right-hand corner. These
buttons brought up a glossary of science terms, sci-
ence help, and computer help. Science Help gave
hints about the substance of the problem. The menus
for Science Help are shown in figure 1-10. Computer
Help described the buttons and functions of the
Simulation tool interface. (See appendix E for Science
and Computer Help screens.)

Figure 1-10. Computer screen with Science Help for the TRE Simulation scenario, grade 8: 2003

50 minutes

Science Help

Sclence Help Topics

“What Is the problem | have to solve?

What experments should | run’

How marry experiments should | run?
Should | make a prediction?

Shoulrd | make a rahle?

Should | make a graph?

“What variables should [ include in
iy tahle ar graph?

How should | read the graph in
simulation 37

When should | draw a conclusion?

How do different payload masses affect the
altitude of a helium balloon?

Science Help

Select from the list of science help topics on
the left to learn more .

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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After students completed the tutorial, they were These constraints were imposed because of assess-
presented with directions for the first problem in ment time limitations and concern that the prob-
the simulation, shown in figure 1-11. The problem lem might otherwise be too difficult for significant
asked the student to determine the relationship be- numbers of eighth-graders. Note that the directions
tween the amount of mass that a balloon can carry reminded the students that the balloon could hold
and the height to which the balloon can rise in the only 3,083 cubic feet of helium.

atmosphere. The only available independent vari-
able was mass, and the values of mass that the stu-
dent could select were restricted. (The balloon held
a constant amount of 2,275 cubic feet of helium.)

Figure 1-12 displays the menu of possible masses
from which students could choose for experimenta-
tion in problem 1.

Figure 1-11. Computer screen with directions for TRE Simulation scenario problem 1, grade 8: 2003

57 minutes

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure 1-12. Computer screen with the menu of values for the independent variable, payload mass, in TRE Simulation scenario
problem 1, grade 8: 2003

59 minutes

O 101bs. O 60 Ibs.

O 201bs. O T0Ibs.
O 301bs. D BOIbs.
O 401bs. O 90 Ibs.
Q 50 Ibs.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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After choosing a value for mass, students could altitude of varying the payload masses. (Although
choose to make a prediction. Figure 1-13 displays more might have been learned by requiring students
the four possible options. By comparing the current to key-enter predictions and interim hypotheses
experiment to the previous one, the options were about the relationship between mass and balloon alti-
intended to encourage students to think in terms of tude, limited assessment time discouraged this more
patterns of results: in this case, the impact on balloon in-depth approach.)

Figure 1-13. Computer screen with the prediction options in TRE Simulation scenario problem 1, grade 8: 2003

57 minutes

Which of the following will likely happen to the balloon?

QO 1 think the balloon will rise to a lower altitude
than in my last experiment.

QO I think the balloon will rise to a higher altitude
than in my last experiment.

QO I think the balloon will rise to the same altitude
as in my last experiment .

O Idon't know.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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To help interpret data, students could make a by choosing less relevant or incorrect variables for
graph, a table, or both. Clicking on the Make Graph either graph axis; this design allowed an opportunity
button opened a dialog box that asked students to to determine whether students created interpretive
select a variable for the vertical axis (see figure 1-14) tools related to the problem they were supposed to
and then, in a subsequent box, for the horizontal be solving.

axis. Note that students had leeway to get into trouble

Figure 1-14. Computer screen with dialog box for creating a graph in TRE Simulation scenario problem 1, grade 8: 2003

56 minutes

s - Make groph

O allilude
O balloon volume
O time to final altitude

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Similarly, students could construct a table by would be limited to the dependent and independent
choosing from the variables tracked in the instru- variables necessary to solve the problem—altitude
ment panel. The resulting displays may, therefore, and mass. For each subsequent experiment that
have contained relevant information, some relevant students chose to conduct, a line of data was added
and some irrelevant information, or only irrelevant to the table automatically. Students could sort the
information. If, for example, a student chose to table on any variable by clicking on the appropriate
include all five variables, the table would appear as column heading.

in figure 1-15. A more helpful table for problem 1

Figure 1-15. Computer screen with a table of results for one experiment conducted in TRE Simulation scenario problem 1,
grade 8: 2003

RO I How do different payload masses affect the
; altitude of a helium balloon?

Table
To sort, click on column.

Payluad Mas (be3|funvunt of Helium | Ballovn Velume | Time to Final Allibude (L)
(audt) (outt) Alfitude (min)

40 2275 007 aw 25245

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Note that the relationship to be discovered in result from creating a graph with the relevant vari-
problem 1 was a virtually linear, negative one: as ables and experiments with a sufficient range
mass increases, the altitude the balloon can achieve of masses.5

decreases. Figure 1-16 shows the display that would

Figure 1-16. Computer screen with a graph of the relationship between altitude and mass in TRE Simulation scenario
motivating problem 1, grade 8: 2003

22 minutes

final altitude
(feet)

40,000 —
35,000 —
30,000 —
25,000
20,000
15,000
10,000 —
5,000 —

0 e
0 30 40 50 60 70 80 90 100 110

payload mass
pounds)

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

6 Students in the TRE study could have used non-technological alternatives like paper-and-pencil in place of creating an electronic table or
graph. The extent to which such alternatives were used could not be determined.
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When ready, students could click on the Draw support the answer with experimental observations.
Conclusions button to bring up a text-entry box, as Before completing the response, students could
shown in figure 1-17. This box called for students to choose to revisit an existing table or graph, construct
construct a response to the problem about the rela- new tables or graphs, or conduct more experiments.

tionship between payload mass and altitude and to

Figure 1-17. Computer screen with the box for answering the TRE Simulation scenario motivating problem 1, grade 8: 2003

e irae Hw do different payload masses affect the
] altitude of a helium balloon?

Question 1 | ['munonz |

Hmduﬂhmﬂlpmbadmaﬂhﬂﬂnn!ﬂdada
‘halium halloon'? Support your answer with what you saw
when you experimented.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Having completed their written responses, students measure for those individuals unable to express
were required to respond to a multiple-choice ques- adequately their understanding of the mass-altitude
tion (see figure 1-18), which provided an alternative relationship in writing.

Figure 1-18. Computer screen with the multiple-choice question concluding TRE Simulation scenario problem 1, grade 8: 2003

S ' How do different payload masses affect the
altitude of a helium balloon?

Cuesion | [ Questionz |
Based on your exp which most accurately

and completely describes how different payload masses affect
balloon altitude?

) The less the payload mass, the lower the altitude
reached by the balloon.

The greater the payload mass, the lower the altitude
reached by the balloon.

Changing the payload mass does not change balloon
allitude.

Increasing payload mass increases balloon volume
and therefore balloon altitude.

The greater the payioad mass, the greater the altitude
reached by the balloon for any amount of helium.

The less the payload mass, the greater the altitude
reached by the balloon for any amount of helium.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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The second Simulation problem asked students to critical amount of helium was achieved, the balloon
determine the relationship between the amount of would rise to a maximum altitude, then go no higher
helium put in the balloon and the altitude that the regardless of how much more helium was put into it.
balloon could reach. This time, the payload mass the To recognize the relationship, students had to choose
balloon carried was fixed. Problem 2 was conceptu- a sufficient number and range of values and not draw
ally more difficult because the relationship students conclusions prematurely; a premature conclusion
had to discover was not linear. Rather, the relation- would lead them to assume falsely either that the
ship took the form of a step function. That is, until amount of helium did not matter, or that the balloon
a critical amount of helium was put in the balloon, would continue to rise higher as it was filled with
the balloon did not leave the ground; once that more helium. Figure 1-19 displays what the graph

Figure 1-19. Computer screen with a graph of the relationship between altitude and amount of helium in TRE Simulation
scenario problem 2, grade 8: 2003

How do different amounts of helium affect the
balloon's altitude?

31 minutes

final allitude
(feet)

40,000 —
35,000 -
30,000
25,000 —
20,000

15,000

10,000 -
5,000 - : . ’

O T T T
1,000 2,000 3,000 4,000 5,000

amount of helium
(cubic feet)

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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looked like with the relevant variables and sufficient asked to answer after they entered the constructed
experiments to reveal the step function. Figure 1-20 response to problem 2.
shows the multiple-choice question that students were

Figure 1-20. Computer screen with multiple-choice question on the relationship between altitude and amount of helium in TRE
Simulation scenario problem 2, grade 8: 2003

Based on your exp which it mast accurately
and completely describes how different amounts of helium
affect balloon altitude?

) Theless the payload mass, the greater the altitude
reached by the balloon.

The grealer the amount of helium in the balloon, the
greater the altitude reached by the balloon.

o

¢ Changing the amount of helium in the balloon changes
balloon volume bul does not affect balloon allilude.

O

Changing the amount of hellum does not affect altitude
until there is enough helium in the balioon to lift the:
payload mass, atter which the more helium placed inside
the balloon the higher the balleon rises.

Changing the amount of helium does not affect altitude
until there is enough helium in the balloon to lift the
payload mass, after which the balloon rises 1o a
maximum allilude and no higher.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

24 Problem Solving in Technology-Rich Environments



Problem 3, the final Simulation problem, was the but they also had to control for one independent
most conceptually complex, as it required students variable while manipulating the other. To limit the
to discover how payload mass and amount of helium complexity of the problem, the number of masses
worked together to determine the altitude that the students could vary was reduced to three, as shown in
balloon could reach. Thus, students not only had to figure 1-21.

think about which experiments to run and how many,

Figure 1-21. Computer screen with the dialog box menu of choices for the independent variables in TRE Simulation scenario
problem 3, grade 8: 2003

amount of helium and ;
mmmmmmamm balloon?

29 minutes

iment - Cha.

Chooss a payload mass: Choose an amount of helium
Choose a payload mass: bekoonyokime) o :
O 101be. O tweun O 1.875cul.

O 800cuft. O 2,400 cuft.

O 50 Ibs. O 910cuft. O 2616cuft

O 975cuft. O 2,800 cuft.

O 110 Ibs. O 1.700cuft. O 3.083cufl.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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In problem 3, students had to discover a nonlinear correct data display and had run a sufficient number
relationship that took the form of a series of step func-  of experiments to reveal all three functions. Note
tions, one for each mass. Figure 1-22 displays what the that the maximum altitude for each step function
graph looked like if a student had constructed the decreased as payload mass increased.

Figure 1-22. Computer screen with graph of the relationship of altitude with mass and amount of helium in TRE Simulation
scenario problem 3, grade 8: 2003

55 minutes

final altitude Payioad mass

(feet) 50 lbs. =
40,000 — 110105, *

35,000
30,000 —
25,000 —
20,000 —
15,000
10,000

5,000 -

o

el —o— 11—
1.000 2.000 3.000 4,000

amount of helium
(cubic feet)

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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After entering a constructed response describ- intended to probe the same relationship. The ques-
ing the relationship they discovered, the students tion is shown in figure 1-23.
were asked to respond to a multiple-choice question

Figure 1-23. Computer screen with multiple-choice question on the relationship of altitude with mass and amount of helium in
TRE Simulation scenario problem 3, grade 8: 2003

Gt | [[Questionz |

Based un your experi which mgst dy and
completely describes how different amounts of payload mass and helium
together affect balloon altitude?

() Theless the payluad mass, he grealer the altilude ieached by
the balloon for any amount of helium,

The greater the amount of helium in the balloon, the greater the
altitude reached by the halloon for all payload masses.

The greater the amount of helium in the balloon, the greater the
altitude reached by the balloon up to a maximum altitude for all
payload masses.

The less the payluad mass, the more bedium teguired tw lift the
mass, and the lower the maximum altitude reached by the
balloon.

After enough helium is In the balloon to lift the payload mass, the
balloon risee to a maximum altitude and no higher, and that
maximum altitude is lower the heavier the payload mass,

After enough helium is in the balloon 1o lift the payload mass, the
balleon rises to a maximum altitude and no higher, and that
maximum altitude ig higher the heavier the payload mass.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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When students finished problem 3, they were
asked to respond to several multiple-choice questions
to see how well they grasped the physics behind the
overall Simulation scenario. One of the questions is
shown in figure 1-24; the oval next to the correct an-
swer is shaded. To respond to this question, students
needed to have grasped that, short of increasing the
size of the balloon, the only way to get the balloon to
achieve a higher altitude would be to attach a pay-
load mass smaller than any of the masses available to
students in the simulation.

After completing these synthesizing questions,
students could read an explanation of the physics be-
hind helium balloons, but they could not re-enter the
simulation. The explanation was included because
the TRE project team believed it was important that
students leave the scenario with an accurate descrip-
tion of the science underlying the problems they had
addressed. Finally, students responded to background
questionnaires, as they had done at the conclusion of
the Search scenario.

Figure 1-24. Computer screen with one of the multiple-choice questions concluding the TRE Simulation scenario, grade 8:

2003

53 minutes

10000 |

Question 1 || Question 2 | | wona|

2. How could you get the balloon you used in your experimenis
tv gu higher than 36.211 leel?

 Put 3,083 cubic feet of helium inside the
balloon with a 10 Ib. payload mass.

Put less than 2,275 cubic feet of helium
inside the balloon with a 10 Ib. paylvad mass.

O

(O Use a payload greater than 110 Ib. with
3,083 cu. ft. of helium inside the balloon.

L

Use a payload less than 10 Ib. with
3,083 cu. fi. of helium inside the balloon.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Chapter 2: The TRE Interpretive Framework

The Student and Evidence Models

While developing suitable problem-solving scenarios
is a challenging task, so is interpreting the responses
to such scenarios. A well-conceptualized interpretive
framework is a necessity; the scenario development
cost and examinee time required to perform extend-
ed problem solving on the computer can be justified
only if the wealth of information that can be captured
about student performance can be thoughtfully used.

In addition to the amount of data, other factors
make interpretation challenging. As stated above,
extended performances are typically multidimen-
sional, relying on multiple, intertwined skills. Fur-
ther, response data based on an extended scenario
in which examinee actions share a common context
are often locally dependent. That is, factors other
than the skills of interest may influence responses to
related aspects of a complex task. Such effects may
arise from chance familiarity with a particular topic,
personal interests, or misinterpreting directions or
the intent of a question, as well as from other sources.
These “context effects” are common in reading
comprehension tests, where a set of items based on
the same passage may share unwanted covariation
for an individual because that person is (or is not)
interested in the passage topic (Sireci, Thissen, and
Wainer 1991; Thissen, Steinberg, and Mooney 1989).

Figure 2-1. TRE student model, grade 8: 2003

In Problem Solving in Technology-Rich Environ-
ments (TRE), an examinee’s performance on the
first Simulation problem relating mass to altitude
may be facilitated by having recently read an article
on weather balloons and the payloads they carry.
However, the examinee’s performance on the second
problem, relating the amount of helium to altitude,
may be unaffected by that contextual knowledge. The
measurement models typically used in NAEP assess-
ments do not explicitly accommodate either local
dependence or multidimensionality.

The TRE team relied upon Evidence-Centered
Design (ECD) to help develop the interpretive
framework for the TRE scenarios (Mislevy, Almond,
and Lukas 2003; Mislevy et al. 2001). ECD is a meth-
odology for devising assessments and for using the
evidence observed in complex student performances
to make inferences about student proficiency. In this
approach, initial specifications for scoring and inter-
pretation are developed as part of assessment plan-
ning. These specifications take the form of student
and evidence models. The student model constitutes
a proposal for how the components of proficiency (or
skill) are organized in the domain of problem solv-
ing in technology-rich environments. The evidence
model describes how to connect student responses to
these components of proficiency.” Figure 2-1 shows
the student model.

Problem-solving in
technology-rich
environments

skills

Scientific
inquiry skill

Computer

Scientific inquiry
exploration skill

Scientific inquiry
synthesis skill

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

7 In addition to student and evidence models, ECD also invokes the concept of a “task model.” The task model is an abstract description of a
class of situations, or tasks, intended to elicit behavior from students relevant to one or more student-model proficiencies. Because each task
model defines the characteristics of a general class, such models allow test developers to generate instances of extended problem-solving ex-
ercises very efficiently. Task models are particularly useful for ongoing assessment programs that require the repeated creation of tasks. Task
models were not used in the TRE study, however, because the study called for a one-time assessment.
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Reading from left to right, the figure indicates that
problem solving in technology-rich environments is
composed of scientific inquiry skill and computer
skills. Scientific inquiry skill is, in turn, composed of
two subskills—exploration and synthesis. For purpos-
es of the TRE scenarios, scientific inquiry was defined
as the ability to find information about a given topic,
judge what information is relevant, plan and conduct
experiments, monitor one’s efforts, organize and
interpret results, and communicate a coherent inter-
pretation.

Itis important to note here that the conception of
scientific inquiry embodied in TRE is a partial one.
The essential features of classroom scientific inquiry
are acknowledged to vary along several dimensions,
with some implementations considered to be full and
others partial inquiry (Olson and Loucks-Horsley
2000, pp. 28-30). Full inquiry gives greater attention
to question choice, explanations, and connections
of those explanations with scientific knowledge than
could be achieved in this project. Partial inquiry was
chosen for practical reasons, including limited testing
time, the need to impose constraints for assessment
that would be unnecessary in an instructional con-
text, and the need to provide example scenarios for
NAEP that could be taken in the direction of either
a content-based assessment like science or a more
general problem-solving-with-technology assessment.

Computer skills were defined as the ability to carry
out the largely mechanical operations of using a
computer to find information, run simulated experi-
ments, get information from dynamic visual displays,
construct a table or graph, sort data, and enter text.
The TRE conception of computer skills is based
on the notion that, separated from all substantive
knowledge, computer skill is mastery of automatized
pointing, clicking, and keying. These actions become
automatized through repeated practice with different
software applications. The TRE scenarios build on
this notion by employing common interface conven-
tions that students knowledgeable about computers
will readily recognize, such as toolbars, radio buttons,
dialog boxes, and text boxes. When this mechanical
computer competency is integrated with scientific in-
quiry, what emerges is a purposeful, nonmechanical
use of the computer for scientific problem solving.

When a student takes a TRE scenario, each action
is connected to one or more variables in the student
model. A three-step, evidence-modeling process was
used to make these connections. The three steps are
feature extraction, feature evaluation, and evidence
accumulation, which are described in detail in the
following sections.

Feature Extraction

For each TRE scenario, all student actions are logged
in a transaction record. Feature extraction involves
culling particular actions from the record (e.g.,

the specific experiments the student ran to solve a
Simulation scenario problem). These actions, called
observables, are student behaviors chosen for their
presumed value as evidence of a particular student-
model proficiency, or skill. Observables may include
both process variables (e.g., the particular experi-
ments run) and product variables (e.g., an answer to
a multiple-choice item).

Table 2-1 shows an extraction from the first minute
of the record for Simulation problem 1. The extrac-
tion shows the times and values associated with given
student actions. The record shows that, in designing
the experiment, the student first pressed the Choose
Values button and selected a payload mass of 90 for
the balloon to carry. Then the student pressed Try
It to launch the balloon. Next, the student created a
table, with payload mass as the only variable. Finally,
the student made a graph, putting altitude on the
vertical axis and amount of helium on the horizontal
axis.

Note that such a transaction record may contain
several hundred actions for a given student, and that
some of these actions may turn out to be unimport-
ant in making inferences about what students know
and can do. The challenge for the assessment design-
er is to identify, through theory and empirical data,
which actions constitute evidence of proficiency and
which can be safely ignored.

Table 2-1. A portion of the student transaction record from

TRE Simulation problem 1, grade 8: 2003

Time (in seconds)? Action Action choice
137 Begin problem 1 T
150 Choose values 90
155 Select mass T
157 Try it t
180 Make table T
182 Selected table variables Payload mass
185 Make graph T
188 Vertical axis Altitude
190 Horizontal axis Helium

T Not applicable.

1 These times include 137 seconds spent interacting with introductory
material presented prior to problem 1.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.
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Feature Evaluation

The second step in connecting observables to the
student model is feature evaluation. After desired
observables have been extracted, the correctness

of each one is judged. Feature evaluation involves
assigning scores to observables. These scoring as-
signments may be done by machine or by human
judges. In either case, the assignments are executed
in keeping with evaluation rules. The following rule
describes how to evaluate the choice of experiments
the student ran to solve Simulation problem 1:

¢ IF the list of payload masses includes the low
extreme (10), the middle value (50), and the high
extreme (90), with or without additional values,
THEN the best experiments were run.

e [F the list omits one or more of the required values
but includes at least three experiments having
a range of 50 or more, THEN very good experi-
ments were run.

¢ IF the list has only two experiments but the range
is at least 50, OR the list has more than two ex-
periments with a range equal to 40, THEN good
experiments were run.

e [F the list has two or fewer experiments with a
range less than 50, OR has more than two experi-
ments with a range less than 40, THEN insufficient
experiments were run.

This rule generates a partial-credit score that at-
tempts to establish whether the student conducted
enough experiments—and spread the values for
payload mass sufficiently—to be confident that the
relationship between mass and altitude was linear
throughout. Too few experiments or too narrow a
spread of masses would not supply sufficient evidence
to support a valid inference.

Note that formulating an evaluation rule involves
an iterative process in which logical challenges to the
rule are posed, and, if a challenge has merit, the rule
is refined. Many refinements were made to the TRE

rules based on data that suggested how well the rules
captured distinctions among students of varying skill
levels. Even so, no rule will accurately evaluate the
behavior of all performers; that is, a given rule may
award too little credit to some examinees even when
they know the material or too much credit even when
they do not know the material. In the assessment of
group proficiency, as long as these positive and nega-
tive misclassifications are not too frequent and are
not systematic (e.g., do not tend to award too little
credit more often than too much credit), they can be
handled effectively through mechanisms that quan-
tify uncertainty in proficiency estimates, as described
below.®

Evidence Accumulation

The third step in connecting observables to the
student model is evidence accumulation. Feature
evaluations (like test items) need to be combined
into summary scores that support the inferences to
be made based on student performance. Evidence
accumulation entails combining the feature scores in
some principled manner. Item response theory (IRT)
is an example of a common evidence-accumulation
method.

For TRE, summary scores were created using mod-
eling procedures that incorporate Bayesian networks
(Mislevy et al. 2000; a full discussion of the Bayesian
methodology used in the TRE data analysis can be
found in appendix F). Bayesian models offer a formal
statistical framework for reasoning about interde-
pendent variables in the presence of uncertainty. In
contrast with the procedures typically used in NAEP
assessments, Bayesian (and other similarly innovative)
methods are well suited to integrated tasks like those
used in TRE because the methods allow the various
skills that underlie performance to be modeled indi-
vidually, along with the complex interrelationships that
may exist among them. (See Adams, Wilson, and Wang
1997 for another suitable modeling methodology.)

8 Challenges were posed by advisory committee members, project team members, colleagues, and audiences hearing about the study as it
progressed. Empirical evidence was gathered through several pilot tests and in the main analysis, and the rules were adjusted based on these
data before the final analysis was conducted. Although they were informed by data, such revisions are ultimately judgments made by project
team members. These judgments are similar to those that would be made routinely in the refinement of constructed-response rubrics during

the development and scoring process for any operational assessment.
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Figure 2-2 graphically depicts the evidence model
for the Search senario. The model is essentially a set
of hypotheses about which observables are direct
evidence of the proficiencies in the student model. In
the center are the student-model proficiencies—com-
puter skills, scientific inquiry exploration skill, and
scientific inquiry synthesis skill—which connect di-
rectly to the Search scenario observables. Some of the
observables connected to computer skills are the use
of advanced search techniques, the use of hyperlinks
to drill down into web pages, and the degree of use of
Tips for Searching. Some observables connected to
scientific inquiry exploration skill include the de-
gree of use of relevant search terms, the percentage
of pages visited relevant to the motivating problem,
and the average relevance of hits.” The accuracy of
responses to the motivating problem and to the mul-
tiple-choice questions connect to scientific inquiry
synthesis skill.

Figure 2-3 gives the evidence model for Simulation
scenario problem 1. The far left of the figure shows a

Figure 2-2. TRE Search scenario evidence model, grade 8: 2003

variable representing the context effect; that is, some
local dependency among responses unrelated to the
skills of interest. As stated earlier, conventional mea-
surement models do not handle such dependency ef-
fectively. With the Bayesian methodology used in the
TRE study, however, this dependency can be explicitly
modeled for each problem. Note that the Search
evidence model does not incorporate a context effect
because the scenario contains only one main task.

The center of figure 2-3 displays the student-model
proficiencies—computer skills, scientific exploration,
and scientific synthesis—that connect directly to the
observables. For example, how frequently Computer
Help is consulted and how extensively the various
components of the Simulation-tool interface are used
are both connected to computer skills because they
are assumed to be evidence of those skills. Some of
the observables connected to scientific exploration
are how frequently Science Help and the Glossary
are consulted, whether the best experiments were
run, whether a table or graph was used, and how

Degree of use of Help )

Consistency of use of Back button)

Degree of use of Tips for Searching)

Computer skills )«

(Use of hyperlinks to dig down)

Use of deletion for unwanted filed pages)

Use of bookmarking to save pages )

Use of advanced search techniques)

Number of searches for relevant hits )

Degree of use of relevant search terms)

(Scientiﬁc inquiry exploration skill

(Average relevance of hits to motivating problem )

Percentage of pages visited that are reIevant)

(Proportion of relevant to total pages bookmarked)

(Average relevance of pages bookmarked)

(Scientific inquiry synthesis skill

(Number right on multiple-choice questions )

CAccuracy/compIeteness on constructed-response questions)

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

9 Fach of the approximately 5,000 pages composing the TRE Search web universe was rated independently on a scale of 1 to 4 by one staff
member for its relevance to the Search motivating problem. Two additional staff members then independently rated all pages judged by the
first staff member as having at least some relevance (i.e., scores of 2, 3, or 4). Disagreements between raters were resolved by consensus.
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appropriate that table or graph was to the problem
posed. Linked to scientific synthesis are the accuracy
of answers to the constructed-response and multiple-
choice questions that motivate the problem, and the
proportion of accurate predictions. Some of these
behaviors (such as how frequently Science Help is
consulted or the same experiment is repeated) are
expected to be negatively related to student profi-
ciency. Others, like making a relevant graph, should
be positively related.

How do the student and evidence models facilitate
judgments about student proficiency? (Note that in
the context of TRE performance, the terms “profi-
ciency” and “proficient” denote “skill” and “skilled”
and are not related to NAEP’s use of “Proficient” as
an achievement level.) As indicated by the arrows in
figures 2-2 and 2-3, reasoning in the evidence model
runs from left to right. That is, the likelihood of a
particular level of response for an observable de-
pends on the levels of proficiency for the variables in
the student model. For example, if all other things
are equal, students who are highly proficient in scien-
tific exploration are expected to show a greater likeli-
hood of getting the top score for running the best
experiments than students who are lower in that skill.
When a student responds to a scenario, the reasoning
runs from right to left; the score for each observable

is used to update probabilities about standing on the
student-model variable to which each observable is
connected. Thus, observing that a student ran the
best experiments for problem 1 would increase the
probability that the student is proficient in explo-
ration skill. This increased probability would then
propagate to other student-model variables linked to
exploration, such as scientific inquiry and problem
solving in technology-rich environments. This updat-
ing of the student model is carried out until respons-
es to all observables are incorporated from all three
Simulation problems (or from all Search scenario
observables).

Note that level of standing on the student model
variables constitutes a multidimensional picture of
functioning that could not be generated as directly
through the measurement models routinely used in
main NAEP assessments. Typically, multiple skills are
modeled by creating separate measurement scales,
each of which is indicated by a unique set of items.
With the student and evidence models implemented
within a Bayesian framework, test developers can
instead use integrated tasks, each of which measures
a mix of skills, and attempt to model standing on
each skill by connecting it to the relevant features of
student responses.

Figure 2-3. TRE Simulation scenario evidence model for problem 1, grade 8: 2003

(Degree of use of Computer Help )

Computer skills

CPerformance of a variety of interface actions with appropriate frequenc@

e CFrequency of hitting Cancel after having started an interface action )

CDegree of error in using interface tools for drawing conclusions)

(Degree of error in using interface tools for experimenting)

Use of computer interface
(number of characters in conclusion)

(Degree of use of Science Help)

(Context effect for problem 1

Scientific inquiry exploration skill

(Degree of use of Glossary )

(Choice of best experiments to solve problem)

((Number of exactly repeated experiments )
(Data organized with table or graph )

(Graph is useful to problem )

(Table is useful to problem)

(Number of predictions made)

(Degree to which conclusions are correct and complete )

(Scientific inquiry synthesis skill

CAccuracy of response to multiple-choice question)

(Proportion of accurate predictions)

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Chapter 3: The TRE Student Sample—Attitudes Toward and Experiences With Technology
and the Nature of Science Coursework

The TRE study was conducted during the spring of
2003. The TRE student sample was a nationally repre-
sentative group of 2,110 eighth-grade students from
222 schools. Students were randomly assigned to one
of the two scenarios, Search or Simulation, during
administrations; ultimately, 1,077 students received
the Search scenario, and 1,033 received the Simula-
tion scenario. No group of students was asked to
respond to both scenarios because the time burden
would have been excessive. Technical details about

Table 3-1.  Percentage distribution of students indicating
there is a computer at home that they use, by
scenario, grade 8: 2003
Is there a computer at
home that you use?
Scenario Yes No
Search 88 (1.3) 12 (1.3)
Simulation 86 (2.0) 14 (2.0)

NOTE: The number of students responding was 1073 for Search and 1027
for Simulation. Detail may not sum to totals because of rounding. Standard
errors of the estimates appear in parentheses.

SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

the methods used to obtain the student samples can
be found in appendix B.

When students responded to one of the two TRE
scenarios, they also responded to background ques-
tions designed to gather information about their
familiarity with computers and science activities in
school. Exploring the percentages of students who
gave various responses to a selection of these back-
ground questions offers useful information about
the kinds of knowledge, skills, and attitudes students
reported bringing to the two scenarios.

For example, how familiar with computers were
the participating students? Tables 3-1 through 3-4
display students’ responses to computer-related back-
ground questions. Consistent with previous NAEP
studies (e.g., Horkay et al. 2005), table 3-1 shows that
the majority of students (88 percent for Search and
86 percent for Simulation) reported having a com-
puter at home that they use. In addition, approx-
imately 86 percent of students for Search and 85
percent of students for Simulation reported that they
use a computer outside of school at least once a week
(see table 3-2). The percentages of students who
reported using a computer once a week or more at
school were approximately 57 percent for Search and
59 percent for Simulation.

Table 3-2. Percentage distribution of students, by frequency of computer use, and by scenario, grade 8: 2003
How often do you use a computer at school?
2-3 times Once every Never or
Scenario Daily per week Once a week few weeks hardly ever
Search 20 (1.6) 23 (1.7) 14 (0.9) 24 (1.7) 19 (1.6)
Simulation 23 (1.4) 21 (1.5) 15 (1.1) 23(1.3) 18 (2.0)
How often do you use a computer outside of school?
2-3 times Once every Never or
Scenario Daily per week Once a week few weeks hardly ever
Search 51 (1.7) 26 (1.4) 9(0.7) 7(1.0) 7(0.9)
Simulation 53 (2.2) 25(1.1) 7(0.8) 7(1.0) 8(1.1)

NOTE: The number of students responding was 1073 for Search and ranged from 1029 to 1030 for Simulation. Detail may not sum to totals because of rounding.

Standard errors of the estimates appear in parentheses.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Apart from their apparent familiarity with comput- of students for Search and 85 percent of students
ers, students also indicated feeling positively about for Simulation agreed or strongly agreed that they
using computers. Table 3-3 shows that approximately have more fun learning on a computer, and about
70 percent of students for Search and 74 percent of 75 percent of students for Search and 80 percent of
students for Simulation reported that they agreed or students for Simulation agreed or strongly agreed
strongly agreed that they are more motivated to do that they get more schoolwork done when using a

schoolwork on a computer. Approximately 81 percent ~ computer.

Table 3-3. Percentage distribution of students, by attitude statements toward computers and schoolwork, and by scenario,
grade 8: 2003

| am more motivated to do schoolwork on a computer.

Strongly Strongly Never use a
Scenario agree Agree Disagree disagree computer
Search 18 (1.3) 52 (2.2) 22 (1.2) 4 (0.6) 3(0.6)
Simulation 25 (1.6) 49 (1.6) 19 (1.3) 4 (0.6) 3(0.6)
I have more fun learning on a computer.
Strongly Strongly Never use a
Scenario agree Agree Disagree disagree computer
Search 33 (1.5) 48 (1.8) 15 (0.9) 2(0.4) 2 (0.4)
Simulation 35 (1.5) 50 (1.6) 11 (1.1) 2(0.4) 1(0.3)
| get more done when using a computer for schoolwork.
Strongly Strongly Never use a
Scenario agree Agree Disagree disagree computer
Search 29 (1.3) 46 (1.6) 20 (1.0) 3(0.5) 2(0.6)
Simulation 32(1.2) 48 (1.4) 15 (1.0) 3(0.5) 2(0.4)

NOTE: The number of students responding ranged from 1060 to 1070 for Search and ranged from 1018 to 1023 for Simulation. Detail may not sum to
totals because of rounding. Standard errors of the estimates appear in parentheses.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational
Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Students were also asked to what extent they moderate or large extent, about 67 percent of stu-
used computers at home and at school: not at all, to dents for both scenarios reported using word proces-
a small extent, to a moderate extent, or to a large sors to a moderate or large extent, approximately 64
extent. As indicated by table 3-4, the most common percent of students for both scenarios reported using
pursuit was finding information on the Internet, fol- e-mail to a moderate or large extent, and b5 percent
lowed by using a word processor, using e-mail, and of students for Search and 56 percent for Simulation
talking in chat groups. Approximately 87 percent of reported talking in chat groups to a moderate or
students for Search and 87 percent for Simulation large extent.

reported finding information on the Internet to a

Table 3-4. Percentage distribution of students, by extent of specific computer use, and by scenario, grade 8: 2003

Play computer games
Scenario Not at all Small extent Moderate extent Large extent
Search 8 (1.0) 44 (1.3) 36 (1.2) 12 (1.0)
Simulation 8 (1.0) 43 (2.0) 35 (1.7) 14 (1.1)
Use a word processor
Scenario Not at all Small extent Moderate extent Large extent
Search 10 (1.0) 23 (1.1) 40 (1.7) 27 (1.7)
Simulation 7(0.9) 26 (1.4) 40 (1.6) 27 (1.3)
Make drawings/art on computer
Scenario Not at all Small extent Moderate extent Large extent
Search 25 (1.3) 48 (1.6) 18 (1.2) 8 (1.0)
Simulation 25(1.2) 45 (1.5) 19 (1.0) 10 (1.0)
Make tables, charts or graphs on computer
Scenario Not at all Small extent Moderate extent Large extent
Search 26 (1.7) 46 (1.8) 22 (1.4) 7(0.9)
Simulation 28 (1.6) 48 (1.9) 17 (1.1) 7(0.9)
Look up information on a CD
Scenario Not at all Small extent Moderate extent Large extent
Search 18 (1.6) 33(1.8) 29 (1.5) 20 (1.2)
Simulation 19 (1.1) 32 (1.4) 31(1.3) 18 (1.1)
Find information on the Internet
Scenario Not at all Small extent Moderate extent Large extent
Search 2 (0.5) 10 (1.1) 32(1.2) 55 (1.6)
Simulation 2 (0.5) 10 (1.0) 33(1.7) 54 (1.5)
Use e-mail
Scenario Not at all Small extent Moderate extent Large extent
Search 19 (1.3) 17 (1.0) 23 (1.2) 41 (1.4)
Simulation 17 (2.0) 19 (1.3) 22 (1.6) 42 (2.0)
Talk in chat groups
Scenario Not at all Small extent Moderate extent Large extent
Search 25(1.5) 20 (1.3) 20 (1.3) 35(1.6)
Simulation 23 (1.7) 21 (1.6) 20 (1.5) 36 (2.2)

NOTE: The number of students responding ranged from 1068 to 1072 for Search and ranged from 1018 to 1029 for Simulation. Detail may not sum to totals
because of rounding. Standard errors of the estimates appear in parentheses.

Source: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Because the TRE scenarios require students to
solve science problems, information was collected
about students’ science activities at school. Tables 3-5
and 3-6 summarize this information. Table 3-5 indi-
cates that approximately 96 percent of students for
Search and 96 percent for Simulation reported being
enrolled in a science course, with most students for
each scenario divided among Earth science, general
science, and physical science classes.

According to table 3-6, students engaged in a vari-
ety of science activities. For instance, 68 to 77 percent
of students reported that they were at least sometimes

engaged in such activities as designing their own
experiments, carrying out experiments, and writing
up results. (The responses “sometimes, but less than
once a month” and “once a month or more” were
combined to derive the “at least sometimes” mea-
sure.) Further, 61 to 73 percent of students reported
at least sometimes using computers for download-
ing data from the Internet, for analyzing data, and
for collecting data. Approximately one-half of the
students said they at least sometimes used computer
simulations in science.

Table 3-5. Percentage distribution of students, by enroliment in particular science courses, and by
scenario, grade 8: 2003
Which best describes the science course you are taking?
Not taking Physical General Integrated
Scenario science Life science science  Earth science science science
Search 4(0.7) 9(0.9) 21 (2.9) 30 (3.0) 23(1.9) 13 (1.4)
Simulation 3(0.7) 9(1.3) 23 (3.0) 31 (3.4) 20 (1.8) 13 (1.6)

NOTE: The number of students responding was 1067 for Search and 1027 for Simulation. Detail may not sum to totals because of

rounding. Standard errors of the estimates appear in parentheses.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment
of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Table 3-6. Percentage distribution of students, by frequency of school science activities and scenario, grade 8: 2003

Design your own science experiment

Scenario Not taking science Once a month or more ~ Sometimes, but less than once a month Never
Search 3(0.8) 26 (1.3) 44 (2.3) 26 (2.5)
Simulation 2 (0.5) 34 (1.6) 43 (2.0) 22 (1.5)
Carry out science experiment
Scenario Not taking science Once a month or more ~ Sometimes, but less than once a month Never
Search 3(0.9) 26 (1.5) 42 (2.0) 29 (2.3)
Simulation 2 (0.4) 31(1.9) 39 (2.0) 29 (1.9)
Write up results of science experiment
Scenario Not taking science Once a month or more ~ Sometimes, but less than once a month Never
Search 4(0.7) 29 (1.8) 39 (1.6) 28 (2.1)
Simulation 2(0.4) 35(1.8) 39 (1.8) 24 (1.7)
Talk to class about results of experiment
Scenario Not taking science Once a month or more ~ Sometimes, but less than once a month Never
Search 3(0.8) 21 (1.7) 39 (2.0) 37(2.5)
Simulation 2(0.4) 25 (1.8) 38 (1.5) 36 (1.6)
Collect data using computerized lab equipment
Scenario Not taking science Once a month or more ~ Sometimes, but less than once a month Never
Search 4(0.9) 25 (1.4) 36 (1.6) 36 (1.3)
Simulation 2(0.4) 29 (1.5) 37(1.3) 33(1.2)
Download data from the Internet
Scenario Not taking science Once a month or more Sometimes, but less than once a month Never
Search 3(0.8) 32(1.8) 41 (2.1) 25 (1.3)
Simulation 2 (0.5) 33 (1.7) 36 (1.6) 29 (1.5)
Analyze data using computer
Scenario Not taking science Once a month or more ~ Sometimes, but less than once a month Never
Search 3(0.8) 28 (1.2) 41 (1.5) 28 (1.6)
Simulation 2(0.4) 28 (1.2) 38(1.4) 32 (1.5)
Use the Internet to exchange information with other students or scientists about experiments
Scenario Not taking science Once a month or more ~ Sometimes, but less than once a month Never
Search 3(0.8) 16 (1.4) 25(1.2) 56 (1.9)
Simulation 2(0.4) 13 (1.2) 21 (1.3) 64 (1.7)
Use computer simulations to perform experiments or explore science topics
Scenario Not taking science Once a month or more ~ Sometimes, but less than once a month Never
Search 4(0.9) 17 (1.5) 38(1.6) 41 (1.8)
Simulation 2 (0.4) 16 (1.3) 33(1.3) 49 (1.5)

NOTE: The number of students responding ranged from 1059 to 1069 for Search and ranged from 1009 to 1023 for Simulation. Detail may not sum to totals
because of rounding. Standard errors of the estimates appear in parentheses.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Chapter 4: Scoring TRE

As described in chapter 2, TRE employed an evidence-
modeling process for scoring in which student actions
were first identified, then evaluated for correctness,
and finally aggregated to create scores. The evalu-
ation portion of this process generally relied upon
traditional approaches to machine scoring. In two
cases, student inputs were handled differently. Stu-
dents’ typed responses to the open-ended motivating
questions in the Search and Simulation scenarios
were read and scored by human raters, and students’
search queries in the Search scenario were evaluated
using c-rater, an Educational Testing Service (ETS)
computer program that performs automated scoring
of short constructed responses. These two cases are
discussed in greater detail below.

The TRE Motivating Problems

The constructed-response questions that students an-
swered as part of the Search and Simulation scenarios
are a central measure of students’ scientific inquiry
synthesis skills. The questions, referred to in this
report as “problems” or as “motivating problems,”
are visible to students throughout their work on the
scenarios because they were designed to inspire stu-
dents’ scientific inquiries in addition to serving as a
measure of students’ understanding at the end of the
process. The Search scenario presents a single moti-
vating problem, along with a set of multiple-choice
questions, that students have 40 minutes in total to
investigate and answer. The Simulation scenario uses
three motivating problems, one in each of the three
parts of the scenario.

Three motivating problems were originally offered
in the pilot test of the TRE Search scenario; students
had to respond to two of them. Two of the prob-
lems were dropped for a variety of reasons, however,
including weak student performance and evidence
that students did not have sufficient time to com-
plete two problems. Having only a single motivating
problem both severely limited the evidence available

for estimating students’ proficiency and increased the
influence of problem context on performance. To in-
crease the likelihood that enough evidence would re-
main to measure students’ scientific inquiry synthesis
skills and to reduce context effects, the second moti-
vating problem was replaced by four multiple-choice
questions. The multiple-choice questions required
students to draw conclusions about topics they were
likely to encounter while investigating the motivating
problem. The search capability remained available in
case students needed to conduct additional searches
before answering the multiple-choice questions.

As is typical in National Assessment of Educational
Progress (NAEP) item development, TRE staff wrote
scoring guides (or evaluation rules, as they are more
generally called in the Evidence-Centered Design
[ECD] framework) concurrently with development
of the motivating problems, and they revised those
guides as the problems evolved through reviews and
pilot testing. The guides contained either three or
four levels, depending on how many meaningful dis-
tinctions in performance could be made reliably. In
both the three- and four-level guides, the lowest level
(denoted as “1”) was considered to be unacceptable
performance and received no credit. The top level
was considered to be “best.” Although responses in
the highest category may have had some flaws, what-
ever flaws they had were considered to be minor. The
scoring guides for the Search motivating problem
and for Simulation motivating problem 1 used three
levels, where a score of 3 was a “best” response, 2 was
a “partial” response, and 1 was an “unacceptable” re-
sponse. Because an additional level of response could
be qualitatively distinguished, the scoring guides for
Simulation motivating problems 2 and 3 used four
levels. A score of 4 was a “best” response, a score of
3 was a “good” response, a score of 2 was a “partial”
response, and score of 1 was an “unacceptable”
response.
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Scoring Procedures

Scoring for the TRE motivating problems followed
procedures similar to those used in scoring other
NAEP assessments, for example, mathematics and
science. One member of the NAEP ETS staff was
assigned to train raters for the three Simulation ques-
tons, and a second staff member trained the same
raters for the Search question. Prior to scoring, the
trainer read through a sample of student responses
for each problem and prepared materials with which
to train and guide raters. A team of six raters was
assembled to score the student responses. The raters
were all members of the ETS staff; most were expe-
rienced test developers well versed in scoring proce-
dures.

Meeting as a group under the direction of the
trainer, the raters read a problem and its scoring
guide to understand what was expected of students.
The trainer then presented and explained an “an-
chor set” of actual student responses chosen to
illustrate the range at each score point. Next, raters
independently scored two sets of practice responses.
These were discussed by the group until all the raters
felt comfortable applying the scoring guide. During
scoring, raters generally began by working in pairs
until they had scored 20 or 30 responses. The paired
scoring allowed raters to discuss further the scoring
guides and their application to individual student re-
sponses. Difficult issues were brought to the attention
of the entire team for resolution, and scoring guides
were amended as necessary to guide the scoring of
similar kinds of responses that might yet appear.

Table 4-1. Interrater reliability in scoring constructed-

response motivating problems, grade 8: 2003

Number of Percent

Task Scale second scores agreement
Search problem 1-3 268 90
Simulation problem 1 1-3 267 95
Simulation problem 2 1-4 258 89
Simulation problem 3 1-4 258 89

NOTE: The number of students responding was 1077 for Search and 1033
for Simulation.

SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

When the raters were ready, they began to score
on their own, and continued until they had read all
the responses assigned to them. In all cases, scores
were awarded based on the criteria that were set forth
in the scoring guides and elaborated in the anchor
and practice responses. As is typical in NAEP assess-
ments, raters were concerned only with the content
of a student’s response, not with the quality of the
prose or accuracy of the typing, except of course
when poor writing and/or typing errors made it
impossible to decipher what the student meant to say.
Raters recorded their scores directly on the paper
with the student’s printed response. The scores were
then compiled into a spreadsheet for analysis.

To assess the reliability of scoring, 25 percent of
all student responses were read and independently
scored by a second rater, who was not privy to the first
rater’s grade, and the degree of agreement between
raters was estimated. Clean printed copies of these
student responses were distributed among all six rat-
ers in such a way that each rater served as a check on
all the other raters. In cases of disagreement between
the first and second scores, the trainer read and as-
signed a resolved score to the response.

Interrater reliability was within NAEP standards
for all four problems. The reliability results are shown
in table 4-1. For each problem, the table presents the
scale range, the number of second scores, and the
percent agreement.

Scoring Guides and Sample Student Responses

This section presents the four motivating problems
from the Search and Simulation scenarios. For each
motivating problem, the scoring guide, the distribu-
tion of scores, and sample student responses are
presented.
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Search Scenario motivating problem requires students to present
three reasons why scientists use scientific gas balloons
to explore space and the atmosphere. To respond to
the problem, students have to find useful web pages,

The motivating problem and scoring guide for the
TRE Search scenario are given in figure 4-1. The

Figure 4-1. Search motivating problem and scoring guide (evaluation rule), grade 8: 2003

Some scientists study space with large helium gas balloons. These balloons are usually launched from the ground
into space but can also be launched from spacecraft near other planets.

Why do scientists use these gas balloons to explore outer space and the atmosphere instead of using satellites,
rockets, or other tools? Be sure to explain at least three advantages of using gas balloons.

Base your answer on more than one web page or site. Be sure to write your answer in your own words!

Scoring Guide:

3—Best: Response gives at least three advantages of using gas balloons.
Acceptable responses can include:

¢ Relatively cheap.

¢ (Can be prepared in a relatively short amount of time.

¢ (Can be launched from numerous locations.

* Payloads are recoverable and reusable (the balloons are NOT reusable).
¢ (an stay at a constant altitude.

* (Can rise relatively slowly (making observations along the way).

* Float above much of the atmosphere, resulting in less interference.

¢ (Can carry heavy payloads.

* Long flight duration.

* Flexibility in configuration.

* Highly reliable.

* No pollution/better for the environment.

¢ Vibration-free.

* Low G-forces during take-off.

* Unmanned (meaning less risk to humans, cheaper to operate).

¢ Safe (must explain, i.e., no explosive fuels like in rockets, no crew).

Note: If students refer to hot air balloons or weather balloons instead of properly stating “helium gas balloons,” accept
the answer as long as the advantages cited are true of helium gas balloons.
Do not accept (unless explained or placed in context):

o “Better”

* “Faster’

* “More efficient”

* “Easierto use”

* Scientists receive information faster.

» Safer because they won't fall on people.

* “They go high” (must explain why this is a benefit).

* “Travel long distances’

2—Partial: Response gives one or two advantages of using gas balloons.
1-Unacceptable: Response does not give any advantages of using gas balloons.

SOURCE: U.S Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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locate the necessary information within those pages,
and present the information in their written answer.
“Best” responses present three advantages, whereas
“partial” responses present one or two advantages, as
described in the scoring guide shown in figure 4-1.

The third paragraph of the Search motivating
problem contains two requirements for students:
“Base your answer on more than one web page or
site. Be sure to write your answer in your own words!”
Student compliance with these requirements was not
factored into scoring; the requirements were expect-
ed to prompt better work from students.

The two requirements were the result of discus-
sions that arose during the development of the
Search scenario. The first addressed the concern that
students who hit upon a web page that listed numer-
ous advantages of scientific balloons (there were a
few such pages among those available in the web
universe for the Search scenario) could write their
entire answers based on that page. Since the moti-
vating problem was designed to measure synthesis
skills—that is, students’ abilities to gather and inte-
grate information from more than one place—TRE
staff included the suggestion that students draw upon
more than one page or site in their answer.

The suggestion for students to answer the moti-
vating problem in their own words grew from the
concern, expressed by both TRE staff and the TRE
Development Committee, that some students might
copy their responses directly from the websites they
visited. The Search scenario was designed to be as
realistic as possible within the limitations of an assess-
ment environment. Since students doing research on

their computers are able to copy and paste infor-
mation, it was strongly felt that students taking the
Search scenario should be able to do the same. When
the TRE pilot test confirmed that some students were
copying, and doing so without making any effort to
cite their sources or to rewrite the information in
their own words, TRE staff added the new wording

to the motivating problem. However, Search scenario
scoring did not penalize students who might have
copied text without citations.

As table 4-2 shows, 15 percent of students were
able to give three advantages of using gas balloons,
required for a “best” response; 35 percent could give
a “partial” response with one or two advantages; and
about one-half of all students received no credit on
the question. For the purposes of calculating the
mean, blank and off-topic responses were given the
same value as an unacceptable response.

Table 4-2.  Percentage distribution of student scores on
Search motivating problem, grade 8: 2003
Score Percentage
3 - “best” 15
2 - “partial” 35
1 - “unacceptable” 43
Blank or off-topic 6

NOTE: The number of students responding was 1077. Detail may not sum to
totals because of rounding.

SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

42 Problem Solving in Technology-Rich Environments



The two sample responses shown in figure 4-2 The next two responses, shown in figure 4-3, re-
received a score of 3, “best.” The main difference ceived scores of 2, “partial.” In the first response, the
among answers at this score level was in the specific student did not provide enough detail in the second
advantages the students listed. sentence for the rater to know whether there were

two distinct points about human involvement being
made. In the second response, no credit was awarded
for saying simply that the balloon can fly high, since
satellites and rockets can also fly high. To have re-
ceived credit, the answer would have needed further
elaboration, such as a direct comparison to earth-

Figure 4-2. Two responses to the Search motivating
problem receiving a score of 3, “best,
grade 8: 2003

* One of the advantages of using a balloon is that is bound telescopes or an explanation of the advantage
has a simple design and can hold a lot of weight. balloons have in taking measurements from within
It also costs less to make a balloon rather than the stratosphere.
making a satelite. You can also launch them in the
area you wish to conduct your experiment. It takes Figure 4-3. Two responses to the Search motivating
little time for it to be constructed as well. This is why problem receiving a score of 2, “partial;’
it is better to have a balloon rather than a satelite or grade 8: 2003

space shuttle. _
* they use these because they are less expsenive. A

b USIng ballons to do SCIentIfIC eXperimentS has human dose not have to be in one and there |S no
several advantages wich | will only name a few. risk of loseing lives.

The first advantage is that they allow the payloads
that they are carring to lift with out no vibrations
or G-forces that a rocket would, and may damage
the payload. Another advantage is that the ballons
are quickly launched and they are quickly recoverd
allowing multiple flights on the same instruments.
Another advantage is that balloons offer a low-
cost, quick-response method for doing scientific
investigations and balloons are mobile, meaning
they can be launched where the scientist needs to

. NOTE: Responses are the unedited, verbatim answers given by students.
conduct the eXpe”ment'they are also Cheap and SOURCE: U.S Department of Education, Institute of Education Sciences,

safer for undergraduate and graduate students National Center for Education Statistics, National Assessment of

conducting work in scientific fields Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
' Environments Study.

* Scientists use balloons for space and atmospheri-
cal experiments because they can offer cababilities
that can not be made through the use of rockets or
airplanes. The three advantages of using balloons
for research is that balloons can be set upalmost
anywere and they can be ready for flight under 6
months, and lastly they can fly real high, about 26
miles above the earth.

NOTE: Responses are the unedited, verbatim answers given by students.

SOURCE: U.S Department of Education, Institute of Education Sciences, The sample shown in figure 4-4, in which the re-

National Center for Education Statistics, National Assessment of sponse does not actually give an advantage of scien-
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich tific gas balloons, is typical of many that received no
Environments Study. credit.

Figure 4-4. A response to the Search motivating problem
receiving a score of 1, “unacceptable,” grade 8:
2003

You use the Balloon to go around the world and use
them for Meteorology and explore outer space.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.
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Simulation Scenario Problem 1 Table 4-3. Distribution of student scores on Simulation

Figure 4-5 presents Simulation motivating problem 1 motivating problem 1, grade 8: 2003
and its scoring guide.

Score Percentage

As seen in table 4-3, about one-quarter of students 3 - “best’ 23
received a score of “best” on the motivating problem, o

and 44 percent received partial credit. Almost one- 2 -"partial a4

third of students wrote “unacceptable” answers. 1 -“unacceptable” 31

Blank or off-topic 2

NOTE: The number of students responding was 1033. Detail may not sum to
totals because of rounding.

SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

Figure 4-5. Simulation motivating problem 1 and scoring guide, grade 8: 2003

How do different payload masses affect the altitude of a helium balloon? Support your answer with what you saw
when you experimented.

Scoring Guide:

3—Best: Response contains a correct statement summarizing the relationship between mass and altitude, i.e.,

“The more mass the balloon carries, the lower the balloon altitude.” AND, the response refers specifically to two

experiments that support the summarization in one of the following ways:

¢ Two masses and two altitudes.

¢ Two masses.

* One mass with a clear comparative statement, e.g., “l used the 50 Ib. mass and then the less mass | used the
higher the balloon went”

2—Partial: The response:

» (ffers a comparative statement about the highest and lowest mass, e.g., “When | used the greatest mass, the
balloon went lower than when | used the least mass.”

* Correctly summarizes the relationship but makes no reference to any specific masses.

» Correctly summarizes the relationship with reference to one specific experiment (mass) with NO comparative
statement.

* (Correctly summarizes the relationship but incorrectly refers to masses and/or altitudes (without being
contradictory).

* Refers to data that support correct summarization of the relationship, but offers no summary statement.

* Correctly summarizes the data, but gives a conclusion that contradicts the summary and data.

1—Unacceptable: The response:

» (Qffers an incorrect summary of the relationship between mass and altitude.

¢ Refers to data that do NOT support the correct relationship.

» (Qffers ONLY irrelevant information regarding volume, speed, or time.

» (ffers nonsensical statements.

» (ffers data and a summary statement that contradict each other.

SOURCE: U.S Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure 4-6 shows a student response that received a
score of 3, “best.” The response correctly summarizes
the relationship between mass and altitude and pro-
vides evidence to support it from three experiments,
supplying more than the required two data points.
One may argue that the student should have pro-

Figure 4-7. A response to Simulation motivating
problem 1 receiving a score of 2, “partial,
grade 8: 2003

when you put only ten pounds of payload then it will

vided evidence from an experiment using the heavi- reach the height of about four thousand feet. When |
est payload to show that the pattern continues with put twenty pounds of pay load in the balloon it rose to
still greater mass. However, in the evidence model a smaller height. So as the weight gets Iarger it will rise
developed for the Simulation tasks, students’ choices less and less

of which experiments to run are captured separately

and analyzed as part of their exploration skill rather NOTE: Responses are the unedited, verbatim answers given by students.

SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

than as part of their synthesis skill.

Figure 4-6. A response to Simulation motivating problem
1 receiving a score of 3, “best,” grade 8: 2003

i , Figure 4-8 gives an example of a response that
The lower the payload mass, the higher the altitude received a score of 1, “unacceptable.” As can be seen,

the balloon reaches. For example, when you had 10 the response gives an incorrect summary of the rela-
pounds of payload mass, the balloon rose to 36211. tionship between mass and altitude and provides no
When you had 30 Ibs. of payload mass the balloon experimental data.

rose 28640 ft. When you had 50 Ibs. of payload mass

the balloon rose 22326 ft. Figure 4-8. A response to Simulation motivating problem

NOTE: Responses are the unedited, verbatim answers given by students. 1 receiving a score of 1, “unacceptable,
SOURCE: U.S Department of Education, Institute of Education Sciences, grade 8: 2003

National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

The more payload mass you have the higher the
baloon will go. The higher payload mass | picked the
higher the balloon went.

The next example, given in figure 4-7, received

a score of 2, “partial.” The response gives a correct NOTE: Responses are the unedited, verbatim answers given by students.
summary of the rela tionship between mass and alti- SOURCE: U.S Department of Education, Institute of Education Sciences,

X R National Center for Education Statistics, National Assessment of
tude, and refers to two experiments, but the specific Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
data it provides are incorrect (the balloon actually Environments Study.

reaches an altitude of 36,211 ft. with a 10 Ib. payload).

Problem Solving in Technology-Rich Environments 45



Simulation Scenario Problem 2 Table 4-4. Percentage distribution of student scores on

Figure 4-9 shows the motivating problem and scoring Simulation motivating problem 2, grade 8:
guide for Simulation motivating problem 2. 2003

Ta.ble 4—4' shows t‘he .dlstrlbutlon of student scores Score Percentage
for Simulation motivating problem 2. Approxi- —
mately one-third of student responses were scored 4 - "best 13
either “good” or “best,” and one-third were scored 3 -“good” 18
“partial.” One-third of the responses received a score 2 - “partial” 33
of “unacceptable. 1 - “unacceptable” 33

Blank or off-topic 2

NOTE: Number of students responding was 1033. Detail may not sum to
totals because of rounding.

SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

Figure 4-9. Simulation motivating problem 2 and scoring guide, grade 8: 2003

How do different amounts of helium affect the altitude of a helium balloon? Support your answer with what you saw
when you experimented.

Scoring Guide:

4—Best: Response contains a correct explanation of the relationship between amount of helium and balloon altitude
for a payload mass of 100 Ib. A correct explanation states that once enough helium is in the balloon to get the
balloon off the ground, the balloon will rise to a maximum altitude and no higher, even if more helium is added.
3—Good: Response makes one of the following two points related to the step function:
¢ A certain amount of helium is needed to get the balloon off the ground. OR
* The response indicates that once airborne, the balloon will reach a maximum altitude no matter how much

helium is added.
2—Partial: Response explains that more helium results in a higher altitude, or less helium results in a lower altitude.
1—Unacceptable: Response explains none of the points above or makes a declarative statement that the balloon
does not rise.

NOTE ABOUT DESCRIBING THE BOTTOM OF THE STEP FUNCTION: For levels 3 and 4, the student must refer to more
than one value of helium that fails to lift the balloon. If the student does not explicitly or implicitly state that there is
a range of values for which balloon altitude is O and/or 2 feet and that below a certain amount of helium the balloon
will remain on the ground, (e.g., “It took x amount of helium to lift the balloon...”), then the student MUST refer to
more than one value of helium that fails to lift the balloon.

Examples of explicit statements or statements that imply that there is a range of values for which balloon altitude is 0
and/or 2 and that below a certain amount of helium the balloon will remain on the ground:

* |t took x amount of helium to lift the balloon.

¢ Below x amount of helium, the balloon will not get off the ground.

* [f there is not enough helium, the balloon will not go up.

¢ With 900 to 1500 cu. ft., it does not even move.

Do not accept answers that state that the balloon never rises.

SOURCE: U.S Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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The two student responses in figure 4-10 received
scores of 4, “best.” The first response is an excellent
answer that describes the step function and uses data
from several experiments for support. The second
response is not as good as the first—it was consid-
ered to be at the borderline between “good” and
“best”—but it does meet the requirements for the
top score by explaining that a minimum amount of
helium is needed to lift the balloon and that once the
maximum altitude is reached, additional amounts of
helium have no further effect on altitude.

Responses that correctly described either the
bottom or the top of the step function received a
score of 3, “good.” The first response in figure 4-11
describes the bottom of the function well, but the
phrase “the total altitude did not always change” is
not a clear statement of what happens to the balloon
after it lifts off the ground. The second response is
written in reference to the top of the step function.
The student may have wanted the first phrase to de-
scribe the bottom threshold, but unlike the descrip-
tion of the top, it is not clear enough to demonstrate
understanding.

Figure 4-10. Two responses to Simulation motivating
problem 2 receiving a score of 4, “best,
grade 8: 2003

Figure 4-11. Two responses to Simulation motivating
problem 2 receiving a score of 3, “good,”
grade 8: 2003

¢ The amount of helium affects the balloon altitude.
There must be at least 2500 cubic feet of helium
for the balloon to even rise. After 2500 cubic feet
the baloon altitude stays constant even if you add
more helium. When i used less helium than 2500

* Different amounts of helium affect the altitude of
a helium balloon greatly. The more helium that is
put into the balloon the faster it rises into the air
(lower time to final altitude). The total altitude did

cubic feet the balloon did not gain any altitude. But

after the 2500 cubic feet mark the balloons altitude
stayed at approximately 10000 feet even after i tried
almost 3000 cubic feet of helium

* There has to be at least 2500 cubic feet of helium
for the balloon to move. And after that point the
amount of helium does not affect the height that the
balloon travels

not always change when different amounts of helium
were put into the balloon but when 2400 ft or less
was was put into the balloon it could not support
the weight of the payload mass that balloon barely
liftede off of the round.

¢ After a certain amount of helium is used, a balloon

with a the same amount of weight payload can not
g0 past a certain altitude. It shows on the graphs

after 2500 cubic feet of helium in a balloon a the
ballon’s altitude levels off at 10000 feet.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.
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A score of 2, “partial,” was awarded to a special
(and common) class of responses that offered an
essentially true statement but entirely missed the
nuances of the step function. The response in figure
4-12 is an example. Students seem to have arrived at
this type of answer by several different paths. For ex-
ample, students who ran only two experiments—one
using too small an amount of helium to make the bal-
loon rise, and the other using an amount that lifted
the balloon to its maximum altitude—would have
shown a straight line rising from the first data point
to the second had they graphed their results. In the
absence of further experiments, these students could
easily, though incorrectly, conclude that a linear rela-
tionship existed, in which the greater the amount of
helium the greater the altitude.

Figure 4-12. A response to Simulation motivating problem
2 receiving a score of 2, “partial,” grade 8:
2003

The more helium the higher the balloon goes up.The
less helium the lower the balloon will rise.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

Some anecdotal evidence from conversations with
students at earlier stages of the project suggested that
students simply did not want to believe the evidence
in front of them; they were familiar with linear rela-
tionships but unused to seeing anything like a step
function. When asked to describe the nonlinear pat-
tern from their experiments, students questioned or
ignored the information in front of them and tried to
express their answers in more familiar terms.

Finally, figure 4-13 shows a response that received
a score of 1, “unacceptable.” By oversimplifying
and failing to distinguish between different helium
volumes, it draws an incorrect conclusion for the
problem as a whole.

Figure 4-13. A response to Simulation motivating problem
2 receiving a score of 1, “unacceptable;
grade 8: 2003

In my experimment | saw no matter what the volume
the altitude was still the same

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.
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Simulation Scenario Problem 3

The motivating problem and scoring guide for the
last of the three Simulation problems is shown in
figure 4-14.

Simulation 3 was clearly the most challenging for
students. To be successful, students had to manipu-
late two variables instead of one, run many experi-
ments, synthesize a good deal of information, and
express their complex findings in a coherent way.
As can be seen in table 4-5, less than 10 percent of
responses received a score of 3 or better, and 44 per-
cent received scores of “unacceptable.”

Table 4-5.  Percentage distribution of student scores on
Simulation motivating problem 3, grade 8:

2003
Score Percentage
4 - “best” 2
3 - “good” 7
2 - “partial” 43
- “unacceptable” 44
Blank or off-topic 4

NOTE: Number of students responding was 1033. Detail may not sum to
totals because of rounding.

SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

Figure 4-14. Simulation motivating problem 3 and scoring guide, grade 8: 2003

How do amount of helium and payload mass together affect the altitude of a balloon? Support your answer with what
you saw when you experimented. Refer to at least two masses.

Scoring guide

4—Best: Response contains a correct explanation of the relationship between amount of helium and balloon altitude

for more than one payload mass. This explanation can be described verbally without reference to specific values,

only by referring to specific values, or by a combination of the two. A correct explanation portrays the step function

for multiple payload masses: The amount of helium needed to lift the balloon is greater the greater the mass the

balloon carries. Once airborne, balloons will reach a maximum altitude for a given mass no matter how much helium

is added. The maximum altitude decreases as mass increases.

3—Good: Response describes EITHER the bottom OR the top of the step function by making one of the following two

points:-

¢ The amount of helium needed to lift the balloon is greater the greater the mass the balloon carries. OR

¢ Once airborne, balloons will reach @ maximum altitude for a given mass no matter how much helium is added. The
maximum altitude decreases as mass increases.

2—Partial: Response contains one of the following points that can be derived from problems 1 or 2:

* Below a certain amount of helium the balloon will not be able to get off the ground.

¢ The altitude the balloon reaches is lower the greater the mass.

¢ The balloon will reach a maximum altitude and go no higher when more helium is added.

OR

Response contains a general response that takes both variables into consideration:

* Response explains that less mass and more helium result in a higher altitude (or more mass and less helium
results in a lower altitude).

* Response gives three data points with at least two different masses and volumes that suggest a linear relationship.

1-Unacceptable: Response explains none of the points above.

* (General response with one or both variables in wrong direction (“less mass and more helium results in lower
altitude;” “higher mass and more helium results in higher altitude”).

* Response simply gives two data points.

SOURCE: U.S Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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To receive a score of 4, “best,” students had to de-
scribe the pattern of multiple step functions where, as
mass increased, more helium was required to lift the
payload off the ground, and the maximum altitude
of the balloon decreased. Students were able to give
their answers in any of three ways: by describing the
pattern, by showing the pattern through the use of

Figure 4-15. Two responses to Simulation motivating
problem 3 receiving a score of 4, “best,
grade 8: 2003

* The greater the payload mass is the lower the
maximum altitude for that balloon will be, and the

data, or by a combination of the two. The first ex- more helium it will require to lift it off the ground.
ample in figure 4-15 gives a good initial description, Fora 10 pund payload mass it took 910 cubic feet
which could probably stand on its own, and then of helium to get it a little bit off the ground. 975
supports it with evidence. The second example suc- cubic feet lifted the 10 pound payload mass to
ceeds through a combination of written description its maximum hieght of 36211 feet above ground.
and data. It gives a clear description of the bottom With 50 pounds of payload mass 1700 cubic

of the step function where the “larger the payload

of the balloon the more helium it takes to make the
balloon take off,” whereas understanding of the top
of the step function is suggested by the choice of data
presented rather than by an explicit description.

feet was needed to lift the payload 2 feet off the
ground. At least 2400 cubic feet of helium was
needed for the 50 pound payload mass to reach its
maximum hieght 0f22326 feet above ground. During
experimenting with the 110 pound payload mass
2400 cubic feet of helium was required for a tiny

lift off the ground, and at least 2616 cubic feet of
helium was needed to reach its maximum height of
7918 feet above ground.

* The ammount of helium and the mass of the
payload affect the altitude of the balloon. The larger
the payload of the balloon the more helium it takes
to make the balloon take off. With 10 Ibs. payload it
took 910 cu. ft. of helium to make the balloon take
off from the ground, and 975 cu. ft. of helium to
have the balloon take off to its highest altitude. For
50 Ibs. of payload mass the balloon needed 1700
cu. ft. of helium to go 2 ft. and 1875 cu. ft. of helium
to go its highest altitude of 22326 ft. And for 110
Ibs. of payload it took 2400 cu. ft to go 2 ft. and
2616 cu. ft. of helium to go to its highest altitude of
7918 ft.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.
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To earn a score of 3, “good,” responses had to
demonstrate, through the use of description or data,
an understanding of either the top or the bottom
of the step function for multiple masses. The first
sample response in figure 4-16 received credit for its
description of the top, the second response for its
description of the bottom of the function.

Figure 4-16. Two responses to Simulation motivating
problem 3 receiving a score of 3, “good;
grade 8: 2003

* Together the helium and payload mass make up the
whole experiment. The more helium, the higher the
balloon flies. The higher the weight, the lower it will
go. Once the weight reaches its maximum height,
no mount of helium can make it go higher. With ten
pounds of payload mass, the maximum altitude it
could reach was 36211 feet. When | added more
helium, it still stayed at 36211 feet altitude. With
the 110 pound payload mass, the maximum altitude
it could reach was 7918 feet. Once again, adding
more helium could not change the maximum altitude
for the balloon. My conclusion is that every payload
mass has a maximum altitude no matter what
amount of helium they are attached to.

* The amount of helium and payload mass both affect
the altitude of the balloon. The more the payload the
more amount of helium it is going to take to raise
the balloon. The less the helium and the more the
payload the balloon will not take off.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

As seen in the scoring guide, a score of 2, “partial,”
was awarded to responses that fell into either of two
different categories: answers that gave a correct and
relevant description of the balloon’s behavior except
for a single variable (i.e., a description that could
have come from the experiments in Simulation prob-
lems 1 or 2), or answers that addressed two variables
but were very general or only partially correct. An
example of the first type is seen in the first response
in figure 4-17, which somewhat vaguely describes the
bottom and top of the step function for a single mass.
The second response considers two variables but sug-
gests a linear relationship between them.

Figure 4-17. Two responses to Simulation motivating
problem 3 receiving a score of 2, “partial,’

grade 8: 2003

¢ If the payload is the same and there is enough
helium to lift the balloon then it will always be the
same altitude.

* if you have a low helium amount and a high mass
u will not be able to get it up off the ground but if u
have a high helium amount and a low mass u will go
very high up because the helim won’t need to pull
anything very heavy up with it so it can go up very
high

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

“Unacceptable” responses were those giving incor-
rect summaries of balloon behavior or those giving
no summaries and only one or two data points, as in
the two examples in figure 4-18.

Figure 4-18. Two responses to Simulation motivating
problem 3 receiving a score of 1,
“unacceptable;” grade 8: 2003

¢ | saw that the lower the pounds and the amount of
helium the higher it went up.

¢ when the mass was 110 and the helium was 700,
the balloon didn’t go anywhere. when the mass was
50 and the helium was 1400, the balloon went
really high

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

Problem Solving in Technology-Rich Environments 51



C-rater and TRE Scoring

One measure of students’ exploration skill for the Search
scenario was the degree to which students used terms rel-
evant to the motivating problem in their search queries.

Crrater, a computer program developed by ETS for
scoring short-answer responses, was used to score the
individual search queries. To make the c-rater program
usable for TRE, crater models—abstract descriptions
of possible student queries—were manually developed.
These models were developed by a computer program-
mer working in consultation with a NAEP assessment
developer. The models implemented an evaluation rule
which was established by creating queries that logical
analysis, query tryout, or pilot results suggested were as-
sociated with more or less proficient searching. Proficient
searching tended to employ more specific terms (e.g.,
scientific gas balloon), including ones taken directly from

Figure 4-19.

the motivating problem, whereas less proficient search-
ing frequently relied on generic terms (e.g. balloon).
The evaluation rule used seven classes of query terms
and a three-point scale of “full,” “partial,” or “no credit”
(see appendix G). The rule involved the following two
steps: first, rate each search query for relevance on this
three-point scale, 0-2; second, calculate the average rating
for all of a student’s search queries and assign a value of
“high” for results above 1.4, “medium” for 0.7-1.4, and
“low” for below 0.7.

C-rater models were built by entering phrases or
sentences into a user interface, shown in figure 4-19.
For TRE, the model developer entered a phrase, “sci-
entific gas balloons research,” query shorthand for the
idea that “scientific gas balloons are used for research.”
Once the phrase was processed, the developer selected
the term “research” as a required concept. Next, a set of

Entering concepts into a c-rater model, grade 8: 2003
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SOURCE: c-rater © 2003 by Educational Testing Service. All rights reserved.
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words similar to “research” was presented in a scrollable
window, from which the developer would then have
selected acceptable synonyms (e.g., “analysis,” “study,”
“exploration,” “experiment”). Additional synonyms could
be entered manually.

Once all of the required concepts were entered,
the developer entered the scoring rules, which
indicate what scores to assign to different combina-
tions of terms from the phrase when those terms are
encountered in a student’s query.

Crrater matches phrases in the response to its
rules. The program always produces the same scores
for a given student response, unless its scoring rules
are changed.

In processing student queries, c-rater can recog-
nize and accept some misspelled words. For ex-
ample, the system recognized the strings “baloon”
and “ballon” as being “balloon.” In addition, c-rater

recognizes morphological variants of words—it
recognizes that “exploring” and “explored” are forms
of “explore.” The test developer can also enter noun
compounds, such as “space shuttle,” so that c-rater
will recognize the compound “space shuttle” but not
“shuttle space.”

The c-rater models constructed for scoring stu-
dents’ search queries were cross-validated based on a
sample of 256 queries that were independently hand
scored. The agreement between c-rater and human
scores for this cross-validation set was 96 percent.
The 4 percent of scores that were discrepant involved
students typing “outer space” as a single word and
misspellings that c-rater failed to recognize. C-rater’s
scoring models were adapted to account for the
incorrect spelling of “outerspace” before conducting
the final scoring of all student responses.
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Chapter 5: The TRE Search Scenario Scales and Results

The TRE student model presented earlier proposed
five proficiency scales: a TRE Search total score

scale, a computer skills scale, a scientific explora-

tion scale, a scientific synthesis scale, and a scientific
inquiry scale. The scientific exploration and scien-
tific synthesis scales were proposed as components

of the scientific inquiry scale. Preliminary analysis

of the TRE Search data, however, suggested that a
separate scientific synthesis scale could not be empiri-
cally supported because of the number of items, or
observables, associated with that scale. As a result,

the scientific exploration and scientific synthesis
scales were combined, resulting in three scales: a TRE
Search total score scale, a scientific inquiry scale, and
a computer skills scale. In addition, two observables,
the degree of use of Help and the degree of use of
Tips for Searching, were dropped from the analysis
because they contributed little or nothing to the mea-
surement of student performance. One observable,
number of searches for relevant hits, which was origi-
nally assigned to two TRE scales, was instead assigned
only to the scientific inquiry scale to simplify the
analysis. Finally, one observable that had been scored
on a three-point scale (use of deletion for unwanted
filed pages) was recoded to dichotomous scoring.

Scores on the TRE Search total scale were estimated
using a Bayesian model that combines prior informa-
tion about students with student performance on the as-
sessment instrument. Prior information about students
was based on data collected on 10 variables: (1) gender,
(2) race/ethnicity, (3) disability status, (4) identification
as English language learner, (5) parents’ highest educa-
tion level, (6) number of types of reading-related items
in the home, (7) eligibility for free or reduced-price
lunch, (8) participation in Tite I, (9) level of prior com-
puter knowledge, and (10) whether the TRE scenario
was taken on a NAEP laptop computer. Defining such
priors removes bias from the estimation of TRE means
for student groups (Mislevy 1991).

In keeping with the methodology employed in
standard NAEP analyses (Allen, Donoghue, and
Schoeps 2001), this modeling approach produces
population estimates (e.g., means and standard
deviations) without generating scores for individual
students. Instead, population estimates are obtained
by drawing five imputations, or plausible values, as
commonly used in NAEP, for each student from
the posterior distribution of proficiency, given that
student’s performance on the assessment instrument
and the prior information described above. All means
and correlations reported in this chapter employ
these five imputations, except where noted. A similar
process was used to determine the scale score esti-
mates for computer skills and scientific inquiry. For
convenience, all three scores were put on an arbitrary
scale with a mean of 150 and a standard deviation of
35.10 This chapter reports empirical results relating
to the meaning of TRE Search scores and to student
performance.

The Meaning of the TRE Search Scores

Because the TRE study used measures that are experi-
mental, this chapter explores evidence for how well
the TRE Search scenario scales captured the skills
they were intended to summarize. The following
sections are presented: internal consistency; the rela-
tions of student scores to students’ prior knowledge;
the TRE scale intercorrelations; the correlations of
each observable with each of the two scales (scientific
inquiry and computer skills); the locations of the ob-
servables on the scales; the response probabilities for
prototypic students (i.e., hypothetical students with
low, medium, and high levels of proficiency); and the
relations of relevant student background information
to performance.

10 This scale is intentionally different from the ones typically used in NAEP assessments to prevent confusion with those scales.
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Internal Consistency

Internal consistency indicates the degree to which
student responses to individual items (or “observ-
ables”) in a scale are correlated, on average, with
their responses to other items (or “observables”) in
the same scale. Higher values for internal consistency
suggest greater similarity across items in the underly-
ing skill being measured. For TRE, coefficient alpha,
a conventional measure of internal consistency rang-
ing from 0.00 to 1.00, was used. For the TRE Search
total score, which consisted of 11 observables, the
value of this statistic was .74 (data not shown). For
the TRE scientific inquiry score, which had 5 observ-

ables, the comparable value was .65 (data not shown).

Finally, for the TRE computer skills score, consisting
of 6 observables, the value was .73 (data not shown).
The values for the TRE Search total score and for the
computer skills score were higher than those for the
typical NAEP hands-on science block, which, although
measuring skills different from the TRE Search sce-
nario, also includes extended, problem-solving tasks.
The typical NAEP hands-on science block involves a
30-minute exercise (in contrast to the approximately
40 minutes allocated to TRE Search).!12 For the
2000 science assessment, the mean weighted internal
consistency taken across three such blocks was .62.

Correlations of TRE Search Scores With Prior Knowledge
Measures

The prior knowledge measures were intended to give
arough indication of the degree of student familiar-
ity with the science and computer-related concepts
being assessed in the TRE Search scenario. The prior
computer knowledge measure (which was common
to all students regardless of scenario) consisted of

10 multiple-choice questions about Internet search-
ing, word processing, spreadsheet use, and more

Table 5-1.  Weighted (disattenuated) correlations of TRE
Search scores with prior knowledge measures,

grade 8: 2003

Prior computer
knowledge measure

Prior science

TRE Search score knowledge measure

Total .61 40
Computer skills .52 .33
Scientific inquiry .55 .39

NOTE: TRE = Technology-Rich Environments. N (number of students) = 1075.
All correlations are significantly different from zero at p < .05. Students’
scores for a particular prior knowledge measure were deleted from this
analysis if they were missing seven or more questions in the scale.
SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

general computer knowledge. The prior science
knowledge measure (which was particular to students
taking the Search scenario) comprised 10 multiple-
choice questions on concepts related to the science
and uses of helium gas balloons. (See appendix D for
the questions included on each measure.)

Table 5-1 gives the (disattenuated) correlations of
the TRE Search scores with the two prior knowledge
measures—computer knowledge and science knowl-
edge. These correlations should be considered as
only suggestive because the prior knowledge mea-
sures did not consist of a sufficient number of items
to be reliable or comprehensive in their coverage.!3
All of the correlations were significantly different
from zero statistically. Thus, students with more prior
computer knowledge and more prior science knowl-
edge tended to perform better on each TRE Search
score than did students with lower levels of prior
knowledge.

11 A NAEP hands-on block is a section of experimental tasks and constructed-response test items administered to a student.
12 The TRE observables may not be completely independent, so the internal consistency estimates for the TRE scales may be

inflated.
13 Appendix I gives summary statistics for these measures.
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Intercorrelations of the Scales

Table 5-2 gives the (disattenuated) TRE scale inter-
correlations for the total sample and for gender and
racial/ethnic student groups. As the table shows,

in the overall sample, computer skills and scientific
inquiry skill correlate about equally with the TRE
Search total score (of which both computer skills and
scientific inquiry skill are a part). In addition, the two
scales correlate .57 with one another (as compared
with values of .90 to .93 for the intercorrelations of
the 1996 main NAEP eighth-grade science assessment
scales [Allen, Carlson, and Zelenak 1999]).

Correlations of the Observables With the TRE Scales

Examining the correlations of the observables with
each scale can also help clarify the meaning of the
TRE scales. First, these correlations can suggest the
degree to which the data bear out the theoretical
prediction implied by assigning an observable to a
particular scale. Second, the correlations indicate
roughly how important each observable is to produc-
ing the score for the scale to which it is assigned.

Table 5-2.  Number of students and weighted (disattenuated) intercorrelations of the TRE Search
scales, by student characteristics, grade 8: 2003
Computer Scientific

Number of skills with inquiry with Scientific inquiry

Characteristic students TRE Search total TRE Search total ~ with computer skills

Total 1,077 .68 .68 .57

Gender

Male 517 .69 .68 b7

Female 560 .67 .68 .56
Race/ethnicity

White 643 .60 .60 46

Black 185 .69 .64 .59

Hispanic 188 .64 .60 .53

NOTE: TRE = Technology-Rich Environments. All correlations are significantly different from zero at p < .05. Results are shown for
three mutually exclusive race/ethnicity categories. Black includes African American, and Hispanic includes Latino. Race categories

exclude Hispanic origin unless specified.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National
Assessment of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Table 5-3 gives the (disattenuated) correlations of The correlations in table 5-3 also indicate the
each observable with the two TRE subscales. (Cor- contribution of particular observables to a given scale
relations with the TRE Search total score scale are score. It is clear from the table that, in this student
not shown because this scale was measured by the sample, the scientific inquiry skill score was most
two subscales and not directly by the observables.) In highly related to the relevance of the pages visited or
general, each observable was intended to measure bookmarked, the quality of the constructed response
performance on one scale (that is, to measure either to the Search question, and the degree of use of
computer skills or scientific inquiry skill). The pat- relevant search terms (r range = .51 to .71). In other
tern of correlations bears out the hypotheses about words, students who received higher levels of credit
which observables demonstrate which skill. That is, vi- for their performance on one or more of these ob-
sual inspection suggests that the observables selected servables were also likely to receive higher scientific
to measure computer skills and scientific inquiry inquiry scores.

correlate more highly in this student sample with the
subscale to which they were assigned than they do
with the other subscale.!*

Table 5-3.  Weighted (disattenuated) correlations between score on each TRE observable
and the TRE Search scales, grade 8: 2003

Observable Computer skills  Scientific inquiry
Relevance of pages visited or bookmarked? A7 71
Accuracy/completeness on constructed-response question .39 .70
Degree of use of relevant search terms 33 .51
Number right on final multiple-choice questions 28 44
Average relevance of hits to motivating problem 20 .34
Use of hyperlinks to dig down .69 .37
Consistency of use of Back button .65 .36
Number of searches for relevant hits? .65 33
Use of bookmarking to save pages .60 45
Use of advanced search techniques .46 .30
Use of deletion for unwanted filed pages .24 .08

1 This observable combined the following three observables: average relevance of pages bookmarked, percentage of
pages visited that are relevant, proportion of relevant to total pages bookmarked.

2The values for this observable were reversed (i.e., fewer searches received a higher score) to allow the correlation
with scale score to be positive.

NOTE: TRE = Technology-Rich Environments. The bold values indicate that the scale named in the column label was
the one to which an observable was assigned. All correlations are significantly different from zero at p <.05.

N (number of students) range = 672 to 1077. All scale scores include the observable being correlated.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics,
National Assessment of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

14 Two observables were dropped from the analysis: “degree of use of Help” and “degree of use of Tips for Searching,” which related to the
subscales either marginally or not at all. Also, one observable, “number of searches for relevant hits,” which was originally assigned to two
TRE scales, was instead assigned only to the scientific inquiry scale to simplify the analysis.
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Similarly, table 5-3 indicates that scores on the
computer skills scale were most highly associated
with the use of hyperlinks, use of the Back button,
the number of searches needed to get relevant hits
(an efficiency measure), and the use of bookmarking
(r range = .60 to .69). Students who frequently used
hyperlinks, the Back button, and bookmarking, and
who found relevant information with fewer searches,
were likely to receive higher computer skills scale
scores. Thus, as modeled, the two scales do appear
to differentiate themselves on the basis of the sub-
stantive aspects (i.e., content relevance and quality
of response) versus the more technical aspects of
electronic information search.

While the correlational pattern suggests a differenti-
ation between the two scales, the data also suggest that
specific computerrelated behaviors were associated
with higher levels of scientific problem solving with
technology. Students who bookmarked, dug down with
hyperlinks, employed the Back button, required fewer
searches to get relevant hits, and used advanced search
techniques also tended to get higher scientific inquiry
scores. Further, as shown in table 5-4, students who
evidenced these computer-related behaviors tended
to provide better answers to the constructed-response
question.

Table 5-4. Observed correlation between score on each
observable and raw score on the constructed-
response Search question, grade 8: 2003

Search
Observable question
Relevance of pages visited or bookmarked! .bh5*
Use of bookmarking to save pages 35*
Degree of use of relevant search terms 32*
Number right on final multiple-choice questions .32%*
Average relevance of hits to motivating problem 21*
Use of hyperlinks to dig down 21*
Use of advanced search techniques 21*
Number of searches for relevant hits? 20%*
Consistency of use of Back button 19*
Use of deletion for unwanted filed pages .03

*Correlations are significantly different from zero at p < .05.

L This observable combined the following three observables: average
relevance of pages bookmarked, percentage of pages visited that are

relevant, proportion of relevant to total pages bookmarked.

2 The values for this observable were reversed (i.e., fewer searches received
a higher score) to allow the correlation with scale score to be positive.
NOTE: TRE = Technology-Rich Environments. Values are raw correlations and
are not based on averages across imputations. The constructed-response

Search question was scored on a 1-3 scale.

SOURCE: U.S. Department of Education, Institute of Education Sciences,

National Center for Education Statistics, National Assessment of

Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich

Environments Study.
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Locations of the Observables on the TRE Scales

Item maps are displays that give a context for inter-
preting score points on a given scale. They display the
locations of observables on their respective scales by
associating points on the scale with levels of correct-
ness for particular observables, and thus describe
what groups of students who attain a particular scale
score on average are likely to be able to do. These
maps should be interpreted carefully, however. The
mapping of an observable to a point on the profi-
ciency scale is based on an item response model and
on estimated item parameters, so where an item is
placed depends on the correctness of the underlying
assumptions of the model and on how accurately the
item parameters are estimated.!® Also, item locations
depend on the choice of a probability for correctly
responding. For purposes of the TRE study, this prob-
ability was set at 65 percent, the level routinely used
in NAEP assessments for the mapping of constructed-
response items. With these caveats in mind, item
maps can be a useful way of explicating proficiency
scales.

Figure 5-1 shows an item map for the scientific
inquiry scale. For mapping purposes, each observable
has been transformed into one or more dichoto-
mous variables, where the number of such variables
is one less than the number of levels of correctness
for the observable. Thus, each location on the map
represents the point on the scale at which at least 65
percent of students were likely to have achieved the
indicated level of correctness for a particular observ-
able. For example, posing a partially correct response
to the motivating problem maps to a scale score of
155. This mapping means that students who received
a score of 155 or more on the scientific inquiry skill
scale had at least a 65 percent chance of submitting
an answer achieving a score of 2 on a 1-3 scale. Full

credit for responding to the motivating problem
maps to a score of 201. Students with a score of 201
would have at least a 65 percent chance of submitting
an answer achieving a top score of 3.

By mapping observables to the scale in this way,
the scale can be described qualitatively. From the low-
est mapped scale point, the ordering is as follows:

* correctly answering some (either one or two)
of the four multiple-choice items that require
web searching;

° using search terms that, on average, match those
of proficient searchers only to a limited degree;

° constructing a response that only partially answers
the motivating problem (i.e., giving only one or
two advantages of using gas balloons);

* bookmarking or visiting pages that, on average,
are only partially relevant to the problem posed;

° using search terms that, on average, match those of
proficient searchers to at least a moderate degree;

* bookmarking or visiting pages that, on average,
are relevant to the problem posed;

° constructing a “best” response that gives a com-
plete answer to the motivating problem (i.e., gives
three or more advantages of using gas balloons);

¢ correctly answering at least three of the four mul-
tiple-choice items that require web searching;

* producing at least one set of search results with
hits that, on average, are only partially relevant to
the problem posed (i.e., have relevance scores av-
eraging between 2 and 3 on a 4-point scale, where
a score of 4 denotes the most relevant hits); and

¢ producing at least one set of search results with
hits that, on average, are relevant to the problem
posed (i.e., have relevance scores averaging be-
tween 3 and 4 on a 4-point scale, where a score of
4 denotes the most relevant hit).

15 Ttem mapping was done with item parameters from a scaling employing the operational, univariate NAEP IRT model as implemented by
the PARSCALE program. This approach was used because no similar procedure was available within the Bayesian modeling framework.
Since the two approaches do not generate equivalent item parameters, the PARSCALE item parameters were transformed so that they
would estimate a proficiency with similar mean and variance as the item parameters from the Bayesian analysis.
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Figure 5-1. Mapping of TRE Search observables to the scientific inquiry scale, grade 8: 2003

300 ¢ 302 Produced at least one set of relevant search results

250

¢ 231 Produced at least one set of partially relevant search results
¢ 229 Answered most or all multiple-choice questions correctly

¢ 201 Posed a “best” answer to the motivating problem

+ 190 Visited or bookmarked pages relevant to problem

# 186 Used relevant search terms to at least a moderate degree

75t percentile Hh2! ¢ 177 Visited or bookmarked pages only partially relevant to problem

200

¢ 155 Posed a partially correct response to the motivating problem
50t percentile 4!
150

# 130 Used partially relevant search terms

25t percentile (b1

¢ 114 Answered some multiple-choice questions correctly

100

50

0

NOTE: TRE = Technology-Rich Environments. Each position on the map indicates the scale score at which students had a 65 percent probability of successfully
attaining a given level of correctness for a particular observable. The estimated score mapping for “Produced at least one set of relevant search results” was above
the scale maximum of 300 and is included in the figure for completeness.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure 5-2 is an item map for the computer skills

scale. From lowest mapped scale point to the highest,
the ordering is as follows:

using the Back button occasionally (3—4 times) to
navigate among web pages or from web pages to
the search page;

using hyperlinks with limited frequency (1-2
times) to explore web pages linked to the page
currently being viewed;

using hyperlinks with moderate frequency (3—4
times) to explore web pages linked to the page
currently being viewed;

using the Back button frequently (at least 5 times)
to navigate among web pages or from web pages to
the search page;

using bookmarks with limited frequency (1 time);

using hyperlinks frequently (at least 5 times) to ex-
plore web pages linked to the page currently being
viewed,;

returning relevant results after a moderate num-
ber of attempts (4-6);

using bookmarks with at least moderate frequency
(2 or more times);

returning relevant results after only a small num-
ber of attempts (1-3);

* using advanced search techniques with limited
frequency (1-2 searches);

* using advanced search techniques with at least
moderate frequency (3 or more searches); and

* using Delete to remove a page that had been book-
marked.

Appendix | gives the percentages of students achieving
each of the observable behaviors.

Response Probabilities for Prototypic Students

Examining the response probabilities for prototypic
students (i.e., hypothetical students with high, me-
dium, or low levels of proficiency) also affords a way
to gain insight into the meaning of the TRE scales.
The required probabilities can be generated empiri-
cally from the item response model for students with
different prototypic levels of standing on the TRE
proficiencies (e.g., students who are known to be ata
high level of scientific inquiry as compared with those
who are known to be at a medium or low level). The
probability of achieving each observable can then be
examined to see how prototypic students differ and if
those differences are logically meaningful.
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Figure 5-2. Mapping of TRE Search observables to the computer skills scale, grade 8: 2003

300

¢ 269 Used Delete for unwanted pages
250

¢ 244 Used advanced search techniques with moderate frequency
200 ¢ 201 Used advanced search techniques with limited frequency

75t percentile i} .
¢ 169 Returned relevant hits after a small number of attempts

¢ 156 Used bookmarks with moderate frequency
# 154 Returned relevant hits after a moderate number of attempts
¢ 153 Used hyperlinks to dig down frequently

50t Bercentile 151
15

¢ 141 Used Back button frequently
¢ 141 Used bookmarks with limited frequency
¢ 140 Used hyperlinks to dig down with moderate frequency

¢ 129 Used Back button occasionally

100

50

0

NOTE: TRE = Technology-Rich Environments. Two items, degree of use of Help and degree of use of Tips for Searching, are not included on the item map because
they discriminated very little between high- and low-performing students, and therefore were not reliable measures of the scale. Each position on the map
indicates the scale score at which students had a 65 percent probability of successfully attaining a given level of correctness for a particular observable.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Tables 5-5 and 5-6 show the response probabilities
for prototypic students with different levels of scien-
tific inquiry skill and computer skills, respectively.
For these tables, the prototypic levels were defined by
separately dividing in turn the scientific inquiry and
computer skills score distributions into thirds and
taking the midpoint in the bottom third as the pro-
totypic low-level student, the midpoint in the center
third as the prototypic middle-level student, and the
midpoint in the top third as the prototypic high-level
student. These values were then used to fix the profi-
ciency level in the response model for generating the
probability of achieving each of the levels of correct-
ness on each of the observables.

The response probabilities are generally compared
in the following way: First, the prototypic low-level
student is described by identifying the level of cor-
rectness that student is likely to achieve on each ob-
servable. Next, the prototypic medium-level student
is described in terms of only those observables that
would distinguish this student from the prototypic
low-level student (i.e., only those observables on
which the two students would be likely to attain dif-

ferent degrees of correctness). Finally, the prototypic
high-level student is differentiated from the proto-
typic medium-level student in a similar fashion.

As table 5-b shows, the prototypic student at a
low level of scientific inquiry skill was most likely to
receive no credit for responses to the constructed-re-
sponse question (motivating problem), the relevance
of pages bookmarked, and the average relevance of
hits returned from search results. This student was
also most likely to receive partial credit for responses
to the multiple-choice questions and for the degree
of use of relevant search terms. Though the response
probabilities differed, the pattern for the medium
level of scientific inquiry was very similar. The main
exception was that the student at this level was more
likely to receive partial credit (rather than none) for
answering the constructed-response question. Finally,
in contrast to the low- and medium-level students,
the student at a high level of scientific inquiry was
most likely to get partial credit (rather than none)
for bookmarking relevant pages and to get full credit
(rather than partial credit) for the degree of use of
relevant search terms.

Table 5-5.  Probability of responding to observables on TRE Search for prototypic students, by level of scientific inquiry and level
of correctness of observable response, grade 8: 2003
Low level of Medium level of High level of
scientific inquiry scientific inquiry scientific inquiry

No Partial Full No Partial Full No Partial Full
Observable credit! credit credit credit! credit credit credit! credit credit
Accuracy/completeness
on constructed-response
question .88 A1 .01 A4 .50 .05 .08 .57 .35
Relevance of pages visited
or bookmarked? .99 .01 .00 .85 12 .03 21 40 .39
Number right on final
multiple-choice questions .30 .64 .05 .13 .73 14 .05 .63 .32
Degree of use of relevant
search terms 37 .52 12 .16 .55 29 .06 .38 .56
Average relevance of hits to
motivating problem .98 .02 .00 .92 .07 .00 .76 22 .01

1 No credit, partial credit, and full credit are the levels of correctness of response specific to each observable.
2 “Relevance of pages bookmarked” combines three observables: Average relevance of pages bookmarked, percentage of pages visited that are relevant, and

proportion of relevant to total pages bookmarked.

NOTE: TRE = Technology-Rich Environments. Highest probability for each level is shown in bold. Detail may not sum to totals because of rounding.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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The response probabilities for computer skills, previously been bookmarked. The medium-level-of-
which were computed in a manner similar to that for computer-skills student diverged from this no-credit
scientific inquiry, are shown in table 5-6. As the table pattern by being likely to receive partial credit for
shows, for this scale one observable has two levels getting relevant hits with few searches and full credit
of correctness (no credit, full credit), some observ- for using hyperlinks, employing the Back button,
ables have three levels (no credit, partial credit, full and bookmarking. Finally, the high-computer-skills
credit), and one has four levels (no credit, low- student was likely to receive full credit for getting
partial credit, high-partial credit, full credit). The relevant hits with few searches. This hypothetical stu-
prototypic student with a low level of computer skills dent also showed probability distributions for using
was likely to receive no credit for using hyperlinks, hyperlinks, the Back button, and bookmarking that
employing the Back button, getting relevant hits with appeared generally more peaked at full credit than
few searches, bookmarking, using advanced search did the corresponding distributions for the medium-
techniques, and deleting unwanted pages that had computer-skills student.

Table 5-6.  Probability of responding to observables on TRE Search for prototypic students, by level of computer skills
and level of correctness of observable response, grade 8: 2003

Low level of computer skills Medium level of computer skills High level of computer skills
Low- High- Low- High- Low- High-

No | partial | partial Full No | partial | partial Full No | partial | partial Full
Observable credit! credit credit credit | credit! credit credit credit | credit! credit credit credit
Use of
hyperlinks
to dig down .46 25 A7 13 .09 13 23 .55 .01 .02 .06 91

Low level of computer skills Medium level of computer skills High level of computer skills

No Partial Full No Partial Full No Partial Full

Observable credit! credit credit credit! credit credit credit! credit credit
Consistency of
use of
Back button 48 23 .29 .09 12 .80 .01 .02 97
Number of
searches for
relevant hits2 .76 .18 .06 .33 37 .30 .07 .20 .73
Use of
bookmarking
to save pages .59 .18 23 .20 A7 .62 .04 .05 .90
Use of advanced
search
techniques .90 .09 .01 .12 23 .05 43 A3 14

Low level of computer skills Medium level of computer skills High level of computer skills
Observable No credit! Full credit No credit! Full credit No credit! Full credit
Use of deletion
for unwanted
filed pages .96 .04 91 .09 .81 .19

1 No credit, partial credit (including low-partial and high-partial), and full credit are the levels of correctness of response specific to each observable.

2The values for this observable were such that fewer searches received higher levels of credit.

NOTE: TRE = Technology-Rich Environments. Highest probability is shown in bold. Detail may not sum to totals because of rounding.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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TRE Performance as a Function of Relevant Background
Experience

TRE Search scores should be related in logically
meaningful ways to students’ reports of their back-
ground experiences. Figures 5-3 to 5-6 present data
on the relationship of TRE Search score to responses
to relevant computer-related background questions.
(Supplementary data for these figures are available in
appendix I.) In the figures, T stands for TRE Search
total score, S stands for TRE Search scientific inquiry
score, and C stands for TRE Search computer skills
score. If the performance of students who gave the
response named to the left of the row was significant-
ly different statistically on one of the scales from that
of students giving the response named at the top of
a column, the cell where the row and column inter-
sect is shaded. Which response was associated with
higher TRE performance is indicated by whether the
shading is light or dark. Dark shading indicates that
students who gave the row response had a higher
score on at least one of the three TRE measures than
the students who gave the response named at the top
of the column to the same question. For example,
for the question “Find information on the Internet,”
those who indicated that they used the computer

to find information on the Internet to a moderate
extent had higher scores on all three scales than
students who reported they used the computer in this
way to a small extent. This result is indicated by the
darker shading in the cell at the intersection of the
moderate row and the small column, and by the letters
in that cell, T, S, and C, which refer to the three TRE
scores.

As a general observation, most of the statistically
significant differences in performance by back-
ground question carried across all three TRE Search
scales. That is, there was little evidence from the
background questions that the TRE scales were func-
tioning differently from one another. At the same
time, there were differences that did seem relevant to
understanding the meaning of the TRE Search scores

overall. For example, as figure 5-3 shows, students
who reported more frequent use of a word proces-
sor (background question 2 in appendix D) scored
better on average on all three TRE scales than those
who reported not using a word processor at all. Other
statistically significant differences in scores associated
with word processor use also appear, always in the
expected direction of more use suggesting higher
scores. One plausible explanation is that TRE Search
requires some degree of word processing skill in or-
der to compose an answer to the motivating problem.
Another is that students who use word processors may
tend to be more academically skilled in general.

TRE Search also requires students to gather rel-
evant information from a simulated World Wide Web.
Figure 5-3 indicates that students who reported using
the computer to find information on the Internet
(background question 6 in appendix D) to a moder-
ate or large extent scored higher on average on all
three TRE Search scales than students who reported
using the Internet to a small extent for finding
information.

Positive relations were also found between TRE
Search performance and students’ reports of the fol-
lowing uses of computers: e-mail (figure 5-3, back-
ground question 7 in appendix D), talking in chat
groups (figure 5-3, background question 8 in appen-
dix D), using a computer outside of school (figure
5-4, background question 11 in appendix D), and
having a computer in the home that the student uses
(figure 5-5, background question 12 in appendix D).

For some uses of the computer, however, more
use was not associated with higher performance on
the TRE Search scales. For example, students who re-
ported using the computer to make drawings or cre-
ate artwork on the computer to a large extent (figure
5-3, background question 3 in appendix D) scored
lower on average on all three TRE Search scales than
students who reported engaging in these activities to
a small extent or not at all.
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Figure 5-3. Relationship between TRE Search performance and reported type of computer use, grade 8: 2003

Use a word processor Find information on the Internet

Response Not at all Small | Moderate Large Response Not at all Small | Moderate Large
Not at all T T,S,&C TS, &C| T,S,&C Not at all T
T| T.S,&C Small T.S,&C| T,S,&C
Moderate © Moderate T
T Large T
Make drawings/art on computer Use e-mail
Response Not at all Small | Moderate Response Not at all Small | Moderate Large
Not at all t Not at all 1 T.S,&C| T,S,&C
Small T Small T T&C
Moderate T Moderate T
Large TS &C TS, &C (6 T
Make tables, charts or graphs on computer Talk in chat groups
Response Not at all Small | Moderate Large Response Not at all Small | Moderate Large
Not at all t T&C Not at all 1 T,S,&C
Small -n! T T&C Small T
Moderate T T&C Moderate T
Large T&C T&C T Large .m’ T
1 Not applicable.
. ) T =TRE Search total score.
Look up information on a CD S =TRE Search scientific inquiry score.
Response Not at all Small | Moderate Large C =TRE Search computer skills score.
NOTE: TRE = Technology-Rich Environments. Column headings in table
Not at all t correspond to student questionnaire response categories as follows: Not at
Small t all = not at all; Small = small extent; Moderate = moderate extent; Large =
large extent.
Moderate t SOURCE: U.S. Department of Education, Institute of Education Sciences,
Large T T t National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich

Environments Study.

Indicates that at least one of the three types of scores was

significantly higher at the .05 level for students giving the

response at the left of the row than for those giving the response
at the top of the column.

|:| Indicates that there was no significant difference in any of the
three types of scores between students giving the response at
the left of the row and those giving the response at the top of the

column.

|:| Indicates that at least one of the three types of scores was
significantly lower at the .05 level for students giving the response
at the left of the row than for those giving the response at the top

of the column.
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Figure 5-4. Relationship between TRE Search performance and reported frequency of computer

use outside of school, grade 8: 2003

How often do you use a computer outside of school?

2-3 times Once every Never or
Response Daily per week | Once a week few weeks hardly ever
Daily t 8 8 8
2-3 times per week TS &C T 8 8
Once a week TS &C 8 8
Once every few weeks T,S,&C TS, &C T
Never or hardly ever TS &C T,S,&C t

1 Not applicable.

T =TRE Search total score.

S =TRE Search scientific inquiry score.

C =TRE Search computer skills score.
NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National
Assessment of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

- Indicates that at least one of the three types of scores was significantly higher at the .05 level for students giving
the response at the left of the row than for those giving the response at the top of the column.

|:| Indicates that there was no significant difference in any of the three types of scores between students giving the
response at the left of the row and those giving the response at the top of the column.

|:| Indicates that at least one of the three types of scores was significantly lower at the .05 level for students giving
the response at the left of the row than for those giving the response at the top of the column.

Figure 5-5. Relationship between TRE Search performance
and presence of a home computer that the
student uses, grade 8: 2003

Is there a computer at home that you use?

Response Yes No
Yes T
No TS &C T

1 Not applicable.

T =TRE Search total score.

S =TRE Search scientific inquiry score.

C =TRE Search computer skills score.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

- Indicates that at least one of the three types of scores was
significantly higher at the .05 level for students giving the
response at the left of the row than for those giving the response
at the top of the column.

Indicates that there was no significant difference in any of the
three types of scores between students giving the response at
the left of the row and those giving the response at the top of the
column.

Indicates that at least one of the three types of scores was
significantly lower at the .05 level for students giving the
response at the left of the row than for those giving the response
at the top of the column.

[

Figure 5-6. Relationship between TRE Search performance
and reported use of the Internet for sharing
information about science experiments,
grade 8: 2003

Use the Internet to exchange information with other students or
scientists about experiments

Not | Oncea | Lessthan

taking month once a
Response science | or more month |  Never
Not taking science T
Once a month
or more T
Less than once
a month t
Never T

1 Not applicable.

T =TRE Search total score.

S =TRE Search scientific inquiry score.

C =TRE Search computer skills score.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

- Indicates that at least one of the three types of scores was
significantly higher at the .05 level for students giving the
response at the left of the row than for those giving the response
at the top of the column.

|:| Indicates that there was no significant difference in any of the
three types of scores between students giving the response at the
left of the row and those giving the response at the top of the column.

|:| Indicates that at least one of the three types of scores was
significantly lower at the .05 level for students giving the
response at the left of the row than for those giving the response
at the top of the column.
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Other exceptions to the general result that more
computer use was associated with higher scores on
the TRE Search scales are to be found in figure 5-3,
background question 4, relating to using the comput-
er to make tables, charts, or graphs; figure 5-3, back-
ground question 5, asking about using the computer
to look up information on a compact disk; and figure
5-6, background question 33, which asked how often
students used the Internet to exchange information
with other students or scientists about experiments.

There were no statistically significant differences
on the TRE scales between students who reported
different levels of computer use at school, between
those who reported different frequencies of down-
loading scientific data from the Internet, and be-
tween those who reported different frequencies of
using a computer to analyze data (not shown).16

Finally, information was also collected about
students’ activities in science class, for example, the
frequency of carrying out science experiments. In
almost every case, the numbers of students in the vari-
ous response intervals for each background question
were too small for significance tests to be performed,
or data based on those questions bore no statistically
significant relationship to TRE Search performance
(data not shown).

Performance by Student Groups

How did students perform on average? For the full
sample, the mean on the TRE Search total score scale
is set to an arbitrary value, that is, to a number chosen
for convenience to denote the average score for the
sample. However, scores can be examined for NAEP
reporting groups defined by gender, race/ethnicity,
parents’ highest education level, students’ eligibility
for free or reduced-price school lunch, and school
location. (See table 5-7 for performance results for
student groups.) Statistically significant differences in
performance were found on one or more TRE scales
for all student groups except by gender. (See appendix
H for graphical representations of statistically signifi-
cant differences.) Notably, there was no evidence that
female students were different from male students in
their performance on either the scientific inquiry or
computer skills components of the Search scenario.

Performance by Racial/Ethnic Group

NAEP uses school-reported data about students’
race/ethnicity. For the TRE scientific inquiry scale,
the performance of White students (mean scale

score = 160) was significantly higher statistically than
that of Black students (7, 41 = 10.59, p < .05), who
attained a mean scale score of 125, as well as that of
Hispanic students (¢, 4 = 4.42, p < .05), who attained
a mean scale score of 137.

For computer skills, too, the average performance
of White students (mean scale score = 158) was
significantly higher statistically than that of Hispanic
students (¢, 10 = 4.19, p < .05), who attained a mean
scale score of 142, as well as that of Black students
(1, 27="7.92, p < .05), who attained a mean scale score
of 128. Also, the mean score for Hispanic students
was higher than the mean for Black students
(1, 18 =-2.87, p<.05).

Performance by Parents’ Highest Education Level

Statistically significant performance differences were
also apparent among students who reported different
levels of parental education. Students who reported that
a parent had graduated from college (mean scale

score = 157) scored significantly higher statistically on
the TRE Search total score than those students who
reported that their parents did not finish high school
(mean scale score = 133) (1, 45 =-5.45, p<.05), and
also higher than those who reported that a parent had
graduated from high school (mean scale score = 142)

(1, 47 =-3.00, p< .05). Students who reported that a
parent had some education after high school (mean
scale score = 155) had higher mean scores than students
reporting that their parents had not graduated from
high school (mean scale score = 133) (¢, 54 = —-4.66,
p<.05), as well as higher scores than those reporting
that a parent had graduated from high school (mean
scale score = 142) (¢, 56 =-2.48 p<.05).

The scientific inquiry score of students reporting
that a parent had graduated from college (mean scale
score = 156) was significantly higher statistically than
the score of students reporting that their parents had
not finished high school (mean scale score = 135)

(t, 39 =-4.22, p < .05), and also higher than those
who reported that a parent had graduated from high
school (mean scale score = 143) (1, 58 = -3.47, p < .05).
Also, students who had a parent with some education
after high school (mean scale score = 154) had statisti-
cally significantly higher scientific inquiry scores than
students reporting that a parent had graduated from
high school (mean scale score = 143) (1, 61 =-2.70,
p<.05), and higher scores than students reporting
that their parents had not finished high school (mean
scale score = 135) (1, 43=-3.63, p< .05).

16 The analyses presented in figures 5-3 to 5-6 did not control for other student background variables, such as socioeconomic status (SES).
It is possible that holding such variables constant would produce a different pattern of relations between reported computer use and

TRE scores from that described above.
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There were also several statistically significant
differences among score distributions for computer
skills. Students reporting that a parent had gradu-
ated from college (mean scale score = 155) scored
significantly higher statistically than students report-
ing that a parent had graduated from high school
(mean scale score = 145) (t, 44 =-2.70, p < .05).
Students with a parent who had some education after
high school (mean scale score = 154) also received
computer skills scores that were significantly higher
statistically than those with a parent who had gradu-
ated from high school (mean scale score = 145)

(t, 46 = -2.38, p < .05). Students reporting that their
parents did not finish high school (mean scale score
= 139) scored significantly lower statistically than
those reporting that a parent had graduated from
college (mean scale score = 155) (7, 31 =-3.11,
p<.05), as well as lower than those reporting that

a parent had some education after high school
(mean scale score = 154) (t, 32 =-2.87, p<.05).

Performance by Students’ Eligibility for Free or
Reduced-Price School Lunch

Several statistically significant differences among
score distributions were also found among students
eligible and not eligible for free or reduced-price
lunch, as reported by schools. Students not eligible
for free or reduced-price school lunch (mean scale
score = 160) received statistically significantly higher
mean TRE Search total scores than students eligible
for reduced-price lunch (mean scale score = 145) (¢,
31 =3.15, p < .05) and higher means than students
eligible for free lunch (mean scale score = 129) (¢,
45 =10.33, p < .05). Those eligible for reduced-price
lunch, in turn, received higher scores than students
eligible for free lunch (¢, 39 = 3.32, p < .05).

Further, students not eligible for free or reduced-
price lunch received statistically significantly higher
mean scientific inquiry scale scores (mean = 158)
than students eligible for free lunch (mean = 131)
(t,40 = 8.41, p< .05) and those eligible for reduced-
price lunch (mean = 148) (1, 22 = 2.59, p < .05). Also,
students eligible for reduced-price lunch (mean = 148)
performed significantly higher statistically on scientific
inquiry than those eligible for free lunch (mean = 131)
(1, 28 = 3.70, p < .05).

Finally, students not eligible for free or reduced-
price lunch (mean scale score = 158) performed
significantly higher statistically on the computer skills
scale than both students eligible for free lunch (mean
scale score = 133) (¢, 37 =7.99, p < .05) and students
eligible for reduced-price lunch (mean scale
score = 147) (1, 16 = 2.39, p < .05). Students eligible
for reduced-price lunch, whose mean scale score was
147, also scored significantly higher statistically on
computer skills than students eligible for free lunch,
whose mean was 133 (¢, 20 = 2.61, p < .05).

Performance by School Location

Students differed in their performance as a function
of school location only for the TRE Search total score.
On this scale, students attending central city schools
(mean = 142) scored lower than students attending
urban fringe/large town schools (mean = 152;

t, 22 =-2.60, p<.05) and students attending rural
schools (mean = 153; ¢, 26 = -2.59, p < .05).

Problem Solving in Technology-Rich Environments 69



Table 5-7.  Mean TRE Search scores, by student characteristics, grade 8: 2003

Characteristic Number of students ~ TRE Search total score  Scientific inquiry score  Computer skills score
Total 1,077 150 (2.0) 150 (2.1) 150 (1.8)
Gender
Male 517 148 (2.4) 149 (2.7) 147 (2.5)
Female 560 151 (2.3) 150 (2.3) 152 (1.9)
Race/ethnicity
White 643 161 (1.9) 160 (1.6) 158 (1.7)
Black 185 121 (3.8) 125 (2.8) 128 (3.3)
Hispanic 188 139 (3.4) 137 (4.8) 142 (3.4)

Student-reported parents’ highest
education level

Did not finish high school 72 133 (3.7) 135 (4.3) 139 (4.5)
Graduated from high school 214 142 (4.4) 143 (2.9) 145 (3.1)
Some education after high school 202 155 (3.0) 154 (2.7) 154 (2.6)
Graduated from college 497 157 (2.4) 156 (2.4) 155 (2.4)
Eligibility for school lunch
Not eligible 656 160 (1.6) 158 (2.0) 158 (1.8)
Reduced-price lunch 70 145 (4.3) 148 (3.7) 147 (4.4)
Free lunch 300 129 (2.5) 131 (2.6) 133 (2.5)
School location
Central city 288 142 (3.1) 142 (3.4) 144 (2.7)
Urban fringe/large town 436 152 (2.4) 151 (2.8) 152 (2.2)
Rural 353 153 (3.1) 154 (3.4) 152 (3.4)

NOTE: TRE = Technology-Rich Environments. Standard errors of estimate appear in parentheses. Some seemingly large differences between the performance
of student groups were not statistically significant because of the large standard errors associated with those differences. Results are shown for three mutually
exclusive race/ethnicity categories. Black includes African American, and Hispanic includes Latino. Race categories exclude Hispanic origin unless specified.
Eligibility for free or reduced-price lunch was based on school-reported information. For details about eligibility requirements, see Eligibility for Free/Reduced-
Price School Lunch in appendix K. Results are not shown for students whose eligibility status for free or reduced-price lunch was not available.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Chapter 6: The TRE Simulation Scenario Scales and Results

Chapter 2 of this report explained that the initial
TRE student model proposed five proficiencies:

(1) a total TRE scale, (2) a computer skills scale,

(3) a scientific inquiry scale, (4) a scientific explora-
tion scale, and (5) a scientific synthesis scale; the last
two scales were to be components of the scientific
inquiry scale. As was the case with the Search scenario
data, preliminary analysis of the TRE Simulation data
did not support all the proposed proficiencies; the
scientific synthesis scale and the scientific explora-
tion scale could not be effectively combined to form
a scientific inquiry scale for this scenario. As a result,
a separate scientific inquiry score was not estimated,
leaving four scales: a total TRE Simulation scale, a
computer skills scale, a scientific exploration scale,
and a scientific synthesis scale.

In addition to changes in the number of scales,
several Simulation scenario observables were
dropped from the analysis because they contributed
little or nothing to the measurement of student
performance, often because they were redundant
with the information provided by another observable.
Table 6-1 lists the observables dropped. (See chapter
2 for preliminary versions of the evidence models.)

Table 6-1. Observables dropped from the TRE Simulation
scenario analysis, grade 8: 2003

Simulation | Simulation| Simulation
Observable problem 1| problem 2| problem 3
Number of experiments
repeated exactly X X X
Number of predictions
made X X X
Data organized with table
or graph X X X
Degree of use of
Science Help X X X
Frequency of hitting
Cancel after having started
an interface action X X X
Performance of a variety
of interface actions with
appropriate frequency X X T
Proportion of accurate
predictions X T X
Degree of error in using
interface tools for
experimenting X X
Degree of use of Glossary
Degree of use of Computer
Help 1 X X

1 Not applicable in that the observable was retained for this simulation

problem.

NOTE: TRE = Technology-Rich Environments. An “X” indicates the observable

was dropped from the analysis.

SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich

Environments Study.
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Finally, some of the score levels for several ob-
servables were collapsed because the performance
distinctions between students at those levels did not
suggest meaningful differences. Table 6-2 lists these
observables.

Procedures for estimating scores on the TRE
Simulation scenario were similar to those for the TRE
Search scenario, discussed in chapter 5. Scores on
the TRE Simulation total scale were estimated using
a Bayesian model that combined prior information

Table 6-2. Observables for which score levels were
collapsed in the TRE Simulation scenario
analysis, grade 8: 2003

Simulation Simulation Simulation
Observable problem 1 problem 2 problem 3
Use of computer
interface (use of
various interface Collapsed from
functions) T | 3levelsto 2
Proportion
of accurate Collapsed from
predictions t| 3levelsto 2 T

Graph is useful
to problem T

Collapsed from |Collapsed from
3levelsto 2| 4 levelsto 2

Table is useful
to problem

Collapsed from | Collapsed from|Collapsed from
Adlevelsto 2| 4levelsto3| 4 levelsto 2

Choice of best
experiments to
solve problem

Collapsed from |Collapsed from
t| 4levelsto2| 4levelsto?2

1 Not applicable in that the original number of score levels was retained.
NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

about students with student performance on the
assessment instrument. Prior information about stu-
dents was based on data collected on 10 background
variables: (1) gender, (2) race/ethnicity, (3) disability
status, (4) identification as English language learner,
(5) student-reported parents’ highest level of educa-
tion, (6) number of types of reading-related items in
the home, (7) participation in free or reduced-price
school lunch program, (8) participation in Title I,
(9) level of prior computer knowledge, and (10)
whether the TRE scenario was taken on a NAEP
laptop computer. Defining such priors removes bias
from TRE means for student groups (Mislevy 1991).

Paralleling the methodology employed in stan-
dard NAEP analyses (Allen, Donoghue, and Schoeps
2001), this modeling approach produces population
estimates (e.g., means and standard deviations) with-
out generating scores for individual students. Instead,
population estimates are obtained by drawing five
imputations, or “plausible values” as they are called in
NAEP, for each student from the posterior distribu-
tion of proficiency given that student’s performance
on the assessment instrument and the prior informa-
tion described above. All means and correlations
reported in this chapter employ these five imputa-
tions, except where noted. A similar process was used
to determine the scale score estimates for computer
skills, scientific exploration, and scientific synthesis.
For convenience, all four scores were put on an arbi-
trary sc7ale with a mean of 150 and standard deviation
of 35.1

17 This scale is intentionally different from the ones typically used in NAEP assessments so as to prevent confusion with those scales.
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The Meaning of TRE Simulation Scores

Because the TRE study used experimental measures,
this chapter explores evidence for how well the TRE
Simulation scenario scales captured the skills they
were intended to summarize. The following sections
are presented: internal consistency; the relations of
the scores to the measures of the students’ prior sci-
ence and computer knowledge; the TRE scale inter-
correlations; the correlations of each observable with
each of the three scales (scientific exploration, scien-
tific synthesis, and computer skills); the locations of
observables on the scales; the response probabilities
for prototypic students (i.e., hypothetical students
with levels of low, medium, and high proficiency);
and the relations of relevant student background
information to performance.

Internal Consistency

As previously stated, internal consistency indicates
the degree to which student responses to individual
items in a scale are correlated, on average, with their
responses to other items in the same scale; higher val-
ues for internal consistency suggest greater similarity
across items in the underlying skill being measured.
For TRE, coefficient alpha, a conventional measure
of internal consistency ranging from 0.00 to 1.00, was
used to represent this correlation. For the TRE Simu-
lation total score, which consisted of 28 observables,
the value of this statistic was .89 (data not shown).
For the TRE Simulation scientific exploration score,
which had 11 observables, the value was .78 (data
not shown). The TRE Simulation scientific synthesis
score had 8 observables and an internal consistency
of .73 (data not shown). Finally, the TRE Simulation
computer skills score had 9 observables and an inter-
nal consistency of .74 (data not shown).!® By way of
comparison, these values are higher than the average
reliability for the shorter hands-on experimental-task
blocks used in the 2000 NAEP science assessment,
which, although measuring skills different from the
TRE Simulation scenario, also include extended,
problem-solving exercises. For the NAEP 2000 sci-
ence assessment, the mean weighted internal consis-
tency taken across three such blocks was .62.

Correlations of TRE Simulation Scores With Prior
Knowledge Measures

The prior knowledge measures were intended to give
a rough indication of the degree of student familiar-
ity with the science and computer-related concepts
being assessed in the TRE Simulation scenario.

The prior computer knowledge measure (which

was common to all students regardless of scenario)
consisted of 10 multiple-choice questions about
Internet searching, word processing, spreadsheet use,
and more general computer knowledge. The prior
science knowledge measure (which was particular to
students taking the Simulation scenario) comprised
10 multiple-choice questions on concepts related to
the science and uses of helium gas balloons, and to
the design and interpretation of science experiments.
(See appendix D for the questions included on each
measure.)

Table 6-3 gives the (disattenuated) correlations of
the TRE Simulation scores with the two prior knowl-
edge measures: computer knowledge and science
knowledge. As with the Search scenario, these corre-
lations should be considered only suggestive because
of the limited number of items used in the prior
knowledge measures. (Appendix I gives summary
statistics for these measures.) All of the correlations
between TRE Simulation scores and the measure of
the students’ prior science knowledge were signifi-
cantly different from zero statistically. Thus, students
with more prior science knowledge tended to receive
higher TRE Simulation scores. Similarly, all of the
correlations between TRE Simulation scores and the
prior computer knowledge measure were significantly
different from zero statistically, indicating that prior
computer knowledge was also associated with better
performance in the TRE Simulation scenario.

Table 6-3. Weighted (disattenuated) correlations of TRE
Simulation scores with prior knowledge mea-
sures, grade 8: 2003

TRE Simulation Prior computer Prior science
score knowledge measure knowledge measure

Total .62 .64
Computer skills b1 .56
Scientific exploration b1 .58
Scientific synthesis .60 .66

NOTE: TRE = Technology-Rich Environments. N (number of students) range
from 960 to 986. All correlations are significantly different from zero at

p < .05. Students’ scores for a particular prior knowledge measure were
deleted from this analysis if they were missing seven or more questions in
the scale.

SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

18 The TRE observables may not be completely independent, so the internal consistency estimates for the TRE scales may be inflated.
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Intercorrelations of the Simulation Scales tables show, in the total sample the computer skills,
scientific exploration, and scientific synthesis sub-
scales correlate about equally with the TRE Simula-
tion total score (of which all three subscales are a
part). In addition, the correlations of the subscales
with each other are in the middle .70s.

Table 6-4 gives the (disattenuated) intercorrelations
of each TRE Simulation subscale with the Simulation
total score for the overall sample and for gender and
racial/ethnic groups. Table 6-5 gives the (disattenu-
ated) intercorrelations among the subscales. As the

Table 6-4. Number of students and weighted (disattenuated) intercorrelations of the TRE Simulation subscales with the TRE
Simulation total score, by student characteristics, grade 8: 2003

Computer skills Scientific exploration skill Scientific synthesis skill
Characteristic Number of students with TRE Simulation total with TRE Simulation total ~ with TRE Simulation total
Total 1,032 .75 .74 .76
Gender
Male 545 .75 .74 .75
Female 487 .76 .76 .76
Race/ ethnicity
White 644 71 .69 .71
Black 171 .66 .69 .65
Hispanic 168 .69 .70 .71

NOTE: TRE = Technology-Rich Environments. All correlations are significantly different from zero at p < .05. Results are shown for three mutually exclusive
race/ethnicity categories. Black includes African American, and Hispanic includes Latino. Race categories exclude Hispanic origin unless specified.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Table 6-5. Number of students and weighted (disattenuated) intercorrelations among the TRE Simulation subscales, by student
characteristics, grade 8: 2003

Computer skills with Scientific exploration skill with Scientific synthesis skill

Characteristic Number of students  scientific exploration skill scientific synthesis skill with computer skills
Total 1,032 .73 .74 .73
Gender
Male 545 .72 .73 .74
Female 487 .74 .75 .73
Race/ethnicity
White 644 .67 .69 .68
Black 171 .66 .65 .67
Hispanic 168 .67 .71 .66

NOTE: TRE = Technology-Rich Environments. All correlations are significantly different from zero at p < .05. Results are shown for three mutually exclusive
race/ethnicity categories. Black includes African American, and Hispanic includes Latino. Race categories exclude Hispanic origin unless specified.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Correlations of the Observables With the TRE
Simulation Scales

Examining the correlations of the observables with
each scale can suggest the degree to which the data
bear out the theoretical prediction implied by as-
signing an observable to a particular scale. Also, the
correlations indicate roughly how important each
observable is to producing the score for the scale to
which it is assigned.

Table 6-6 gives the (disattenuated) correlations of
each observable with the three TRE subscales. Each
observable was intended to measure proficiency on
one scale (that is, computer skills, scientific explora-
tion skill, or scientific synthesis skill). Although the
distinctions between the scales are not as sharp as
they were for TRE Search, in general, visual inspec-
tion suggests that the Simulation observables corre-
late in this student sample more with the scale they

were intended to measure than with the other scales.

That is, the observables selected to measure com-
puter skills generally appear to correlate more with
the computer skills subscale than with the scientific
exploration or scientific synthesis subscale, and the
same is true for the other scales.

The correlations in table 6-6 also indicate the im-
pact of particular observables on a given scale score.
In this student sample, the scientific exploration
skill scale score was most highly associated with what
experiments students chose to run in order to solve
each of the Simulation problems, whether students
constructed tables and graphs that included the rel-

evant variables for Simulation problems 1 and 2, and
the degree to which experiments controlled for one
variable for Simulation problem 3. The correlations
between these particular observables and the scien-
tific exploration scale score ranged from .49 to .74.

For the scientific synthesis scale, table 6-6 indicates
that, in this student sample, the observable most
highly associated with this scale score was the degree
of correctness and completeness of conclusions
drawn for each Simulation problem (r range = .67 to

72).

Lastly, performance on the computer skills scale
was most highly associated with the number of
characters in the conclusions drawn by students for
each Simulation problem (r range =.72 to .78). In
other words, students who wrote longer responses to
the constructed-response question that concluded
each Simulation problem tended to receive higher
computer skills scale scores than students who wrote
shorter answers.

As noted, a correct and complete response to the
constructed-response question concluding each Sim-
ulation problem is key to achieving a high scientific
synthesis score in the TRE Simulation scenario. The
scoring guides for Simulation motivating problem 1
used three levels, where a score of 3 was a “best”
answer, 2 was a “partial” answer, and 1 was an “unac-
ceptable” answer. Because an additional level could
be distinguished, the scoring guides for Simulation
problems 2 and 3 used four levels. A score of 4 was
a “best” answer, a score of 3 was a “good” answer, a
score of 2 was a “partial” answer, and a score of 1 was
an “unacceptable” answer.
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Table 6-6. Weighted (disattenuated) correlations between score on each observable and TRE Simulation scales, grade 8: 2003

Observable Computer skills Scientific exploration Scientific synthesis

Simulation problem 1

Degree to which conclusions are correct and complete .57 .56 .69
Accuracy of response to final multiple-choice question 22 .26 31
Graph is useful to problem 45 .60 .52
Choice of best experiments to solve problem .35 .53 40
Table is useful to problem A1 .50 A4
Degree of use of Glossary =17 -17 -.19
Use of computer interface (number of characters in

conclusion) .72 49 .54
Degree of error in using interface tools for drawing

conclusions -.32 -.25 -.28
Degree of error in using interface tools for experimenting -.28 -.24 =27
Degree of use of Computer Help -.26 -.22 =24

Simulation problem 2

Degree to which conclusions are correct and complete .59 .61 .12
Accuracy of response to final multiple-choice question 31 31 37
Proportion of accurate predictions 22 22 .25
Choice of best experiments to solve problem 45 .64 .52
Table is useful to problem A1 .52 A4
Graph is useful to problem 40 .49 A4
Use of computer interface (number of characters in

conclusion) .78 .52 .55
Degree of error in using interface tools for drawing

conclusions =27 -21 -.23

Simulation problem 3

Degree to which conclusions are correct and complete .52 .52 .67

Accuracy of response to final multiple-choice question .36 .36 43

Proportion of experiments controlled for one variable .51 .74 .56

Choice of best experiments to solve problem A4 .56 46

Graph is useful to problem .32 42 .35

Table is useful to problem 14 21 .20

Use of computer interface (number of characters in

conclusion) .76 .53 .59

Use of computer interface (use of various interface functions,

e.g., making tables and graphs) 42 .54 42

Degree of error in using interface tools for drawing

conclusions =21 -.19 -20
Conclusion

Degree of correctness of responses to multiple-choice items AT A8 .58

NOTE: TRE = Technology-Rich Environments. The bold values indicate the scale to which an observable was assigned. All correlations are significantly different
from zero at p <.05. N (number of students) range = 221 to 1032. All scale scores include the observable being correlated.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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What student behaviors were associated with pro- lation problem tended to receive higher scores for re-
viding successful responses to the Simulation motivat-  sponses to the concluding question than did students
ing problems? Table 6-7 indicates that students who who chose a less adequate set of experiments. Further,
wrote longer answers tended to receive higher scores,  students who made graphs and tables appropriate to
aresult related at least in part to the fact that longer Simulation problems 1 and 2 tended to receive higher
responses tended to be more detailed. Apart from scores for their conclusions to those problems than
the length of the response, the results show statisti- students who did not make such graphs and tables.
cally significant positive relationships between scores Finally, table 6-7 shows that students who controlled
and process-related behaviors that can help students for one variable in their experiments for Simulation
develop better answers. For example, students who problem 3 tended to attain higher scores on the
chose a better set of experiments for any given Simu- constructed-response question.

Table 6-7. Observed correlation between score on each observable and raw score on the
constructed-response questions for each of three Simulation problems, grade 8: 2003

Observable Correlation

Simulation problem 1

Use of computer interface (number of characters in conclusion) A8
Graph is useful to problem 45
Table is useful to problem 37
Choice of best experiments to solve problem .32
Degree of error in using interface tools for drawing conclusions -23
Degree of error in using interface tools for experimenting -.18
Degree of use of Computer Help -.15
Degree of use of glossary -.14

Simulation problem 2

Use of computer interface (number of characters in conclusion) .50
Choice of best experiments to solve problem AT
Graph is useful to problem .39
Table is useful to problem .35
Degree of error in using interface tools for drawing conclusions -.16
Proportion of accurate predictions .15

Simulation problem 3

Proportion of experiments controlled for one variable 45
Use of computer interface (number of characters in conclusion) A4
Choice of best experiments to solve problem 43
Use of computer interface (use of various interface functions, e.g., making tables and

graphs) 31
Graph is useful to problem .24
Table is useful to problem 12
Degree of error in using interface tools for drawing conclusions -11

NOTE: TRE = Technology-Rich Environments. All correlations are significantly different from zero at p < .05. Values are raw

correlations and not based on averages across imputations. The constructed-response question for Simulation problem 1
was scored on a 1-3 scale. The constructed-response questions for problems 2 and 3 were each scored on a 1-4 scale.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National
Assessment of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Locations of the Observables on the TRE Simulation
Scales

Item maps are displays that give a context for inter-
preting score points on a given scale. They display the
locations of items (in the TRE context, observables)
on their respective scales by associating points on the
scale with levels of correctness for particular observ-
ables, and thus describe what students who attain a
particular score on each scale are likely to be able

to do. As noted in the previous chapter, item maps
should be interpreted carefully because an item’s
location is dependent on the extent to which the un-
derlying assumptions of the response model are met
and on the accuracy with which item parameters are
estimated. Also, item locations depend on the choice
of a probability for correctly responding. For purposes
of the TRE study, this probability was set at 65 percent,
the level routinely used in NAEP assessments for the
mapping of constructed-response items.

Figure 6-1 shows an item map for the scientific
exploration scale. For mapping purposes, each observ-
able has been transformed into one or more dichoto-
mous variables, where the number of such variables is
one less than the number of levels of correctness for
the observable. Thus, each location on the map repre-
sents the point on the scale at which at least
65 percent of students were likely to have achieved the
indicated level of correctness for a particular observ-
able. For example, the lowest level of partial credit
for running the best experiments for Simulation
problem 1 maps to a scale score of 161. This mapping
means that students who received a mean score of
161 or more on the scientific exploration scale had
at least a 65 percent chance of running experiments
that partially confirmed the negative linear relation-
ship between variables for Simulation problem 1. Full
credit for running the best experiments for Simula-
tion problem 1 maps to a score of 199; students with
this mean score had at least a 65 percent chance of
running experiments for Simulation problem 1 that
were sufficient to confirm the negative linear relation-
ship between variables.

As shown in chapter 5, mapping observables to the
scale enables the scale to be qualitatively described.
For the Simulation scientific exploration scale, the
scale is defined by the following ordering, from the
lowest mapped scale point to the highest:

using the glossary of science terms in Simulation
problem 1 with moderate frequency (note that
using the glossary is hypothesized as suggesting a
lower level of skill than not using it);

using the glossary of science terms in Simulation
problem 1 with low frequency or never;

creating a table for Simulation problem 2 that
either includes one of the variables relevant to
solving the problem with experimental data, or
includes both relevant variables without data;

controlling for one variable in less than 40 percent
of the experiments run for Simulation problem 3;

running a set of experiments that partially reveals
the nonlinear relationship between altitude and
amount of helium for Simulation problem 2;

controlling for one variable in 40 to 65 percent of
the experiments run for Simulation problem 3;

controlling for one variable in at least 66 percent of
the experiments run for Simulation problem 3;

creating a graph for Simulation problem 2 with
the correct variables on the correct axes, with or
without data;

running experiments sufficient either in number or
in range to confirm the negative linear relationship
between altitude and mass for Simulation problem 1;

creating a graph for Simulation problem 1 with the
correct variables on the correct axes but showing
no data or only one data point;

running experiments in Simulation problem 1
sufficient in number and range, but not in distribu-
tion, to confirm the negative linear relationship
between mass and altitude;

running experiments in Simulation problem 3 for
at least one value of mass and conducting a set of
experiments with amounts of helium that partially
reveals a nonlinear relationship between altitude
and volume;

creating a table for Simulation problem 1 that in-
cludes the variables relevant to the problem as well
as other variables;

78 Problem Solving in Technology-Rich Environments



® creating a graph for Simulation problem 1 that has ® creating a graph for Simulation problem 3 that has
the correct variables on the correct axes and shows the correct variables on the correct axes and shows
at least two data points; data for at least four experiments (two experi-

° running a set of experiments in Simulation prob- ments for each of at least two values of mass);
lem 1 sufficient in number, range, and distribution e creating a table for Simulation problem 3 that in-
to confirm the negative linear relationship be- cludes the three variables relevant to the problem
tween altitude and mass; as well as other variables; and

Figure 6-1. Mapping of TRE Simulation observables to the scientific exploration scale, grade 8: 2003

300 ’

250

¢ 251 Sim 2: Created table including only variables germane to problem

# 213 Sim 3: Created table including three germane variables and others

200 Sim 3: Created graph showing sufficient data with correct variables on correct axes

# 199 Sim 1: Ran experiments confirming linear relationship between variables

# 194 Sim 1: Created graph showing data with correct variables on correct axes

¢ 186 Sim 1: Created table including two germane variables and others

¢ 181 Sim 3: Ran experiments partially revealing the nonlinear relationship between variables
+ 178 Sim 1: Ran experiments essentially confirming linear relationship between variables

¢ 163 Sim 1: Created graph with correct variables on correct axes but no or minimal data

¢ 161 Sim 1: Ran experiments partially confirming linear relationship between variables

¢ 158 Sim 2: Created graph with correct variables on correct axes

¢ 157 Sim 3: Used experimental controls frequently

¢ 152 Sim 3: Used experimental controls with moderate frequency

¢ 149 Sim 2: Ran experiments partially revealing the nonlinear relationship between variables
¢ 148 Sim 3: Used experimental controls infrequently

200

75t percentile

50t percentile

¢ 129 Sim 2: Created table showing data but only one germane variable or no data and both
germarne variables

25 percentile

¢ 113 Sim 1: Used Glossary with low frequency or never

100

0

NOTE: TRE = Technology-Rich Environments. Sim 1 = Simulation problem 1; Sim 2 = Simulation problem 2; Sim 3 = Simulation problem 3. Each position on the map
indicates the scale score at which students had a 65 percent probability of successfully attaining a given level of correctness for a particular observable.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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® creating a table for Simulation problem 2 that
includes only the dependent and independent
variables germane to the problem.

Appendix | gives the percentages of students
achieving each of these observable behaviors.

Figure 6-2 shows the locations of the levels of cor-
rectness for the observables on the scientific synthesis
scale. From the lowest scale point, the ordering is as
follows:

e offering “partial” responses to the concluding
question for Simulation problem 3 that could
be derived from the experiments conducted for
Simulations 1 or 2 (e.g., “Below a certain amount
of helium the balloon cannot get off the ground”);

o offering “partial” responses to the concluding
question for Simulation problem 2 that incorrectly
describe the relationship between altitude and
amount of helium as a positive linear one (e.g.,
“More helium inside the balloon will make the bal-
loon go higher”);

¢ offering “good” responses to the concluding
question for Simulation problem 1 that correctly
express the negative linear relationship between
mass and altitude (e.g., “A smaller mass will make
the balloon go higher”), but do not make specific
references to experiments;

¢ correctly answering the concluding multiple-
choice question about the relationship between
altitude and mass in Simulation problem 1;

¢ offering “good” responses to the concluding
question for Simulation problem 2 that correctly
describe either the top or the bottom segments
(but not both) of the step function (e.g., “Once in
the air, the balloon will reach a maximum altitude
no matter how much helium is added”);

e correctly answering the concluding multiple-
choice question about the relationships among
altitude, mass, and amount of helium in Simula-
tion problem 3;

e offering “best” responses to the concluding

question for Simulation problem 1 that correctly
express the negative linear function and refer to at
least two specific experiments;

making correct predictions for more than one-
half of the unique experiments run for Simulation
problem 2;

offering “good” responses to the concluding
question for Simulation problem 3 that correctly
describe either the top or the bottom segments of
the step function (but not both) in terms of vari-
ous values of mass (e.g., “Once in the air, the bal-
loon will reach a maximum altitude no matter how
much helium is added, and the maximum altitude
the balloon can reach decreases as payload mass
increases”);

correctly answering the concluding multiple-
choice question about the relationship between
altitude and amount of helium in Simulation
problem 2;

offering “best” responses to the concluding
question for Simulation problem 2 that correctly
describe both the top and the bottom segments
of the step function (e.g., “Once the balloon has
enough helium to rise into the air, the balloon will
rise to a maximum height and go no higher no
matter how much helium is added”); and

oftering “best” responses to the concluding ques-
tion for Simulation problem 3 that correctly and
completely describe both the top and the bottom
segments of the step function in terms of various
values of mass (e.g., “The amount of helium need-
ed to lift the balloon increases as mass increases.
Once the balloon has enough helium to rise into
the air, the balloon will rise to a maximum height
for a given mass no matter how much helium is
added. This maximum altitude decreases as mass
increases.”)
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Figure 6-2. Mapping of TRE Simulation observables to the scientific synthesis skill scale, grade 8: 2003

¢ 311 Sim 3: Wrote “best” (correct and complete) response to concluding constructed-response question

300

250 ; - .
¢ 234 Sim 2: Wrote “best” (correct and complete) response to concluding constructed-response question

¢ 219 Sim 2: Gave correct response to concluding multiple-choice question

¢ 215 Sim 3: Wrote “good” (correct but incomplete) response to concluding constructed-response question
¢ 214 Sim 2: Made correct predictions for most unique experiments

¢ 210 Sim 1: Wrote “best” (correct and complete) response to concluding constructed-response question
* i : i iple-choice question

200

¢ 177 Sim 2: Wrote “good” (correct but incomplete) response to concluding constructed-response question

75t percentile
+ 169 Sim 1: Gave correct response to concluding multiple-choice question

50t percentile

25™ percentile

¢ 121 Sim 2: Wrote “partial” response to concluding constructed-response question

100 ¢ 119 Sim 3: Wrote “partial” response to concluding constructed-response question

50

NOTE: TRE = Technology-Rich Environments. Sim 1 = Simulation problem 1; Sim 2 = Simulation problem 2; Sim 3 = Simulation problem 3. Each position on the
map indicates the scale score at which students had a 65 percent probability of successfully attaining a given level of correctness for a particular observable. The
estimated score mapping for “Sim 3: Wrote ‘best’ (correct and complete) response to concluding constructed-response questions” was above the scale maximum
of 300 and is included on the figure for completeness.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure 6-3 shows the locations of the levels of cor- * never using interface tools in the wrong order
rectness for the observables on the computer skills for drawing conclusions in Simulation problem 2
scale. From the lowest scale point to the highest, the (e.g., clicking on Next without responding to the
ordering is as follows: concluding multiple-choice question);

* using interface tools in the wrong order for ¢ never using Computer Help in Simulation prob-

drawing conclusions once or twice in Simulation lem 1;

problem 3 (e.g., clicking on the Draw Coriglusions e never using interface tools in the wrong order

button before running any experiments); for drawing conclusions in Simulation problem 1
* using interface tools in the wrong order for experi- (e.g., clicking on Next without responding to the

menting once or twice in Simulation problem 1 concluding multiple-choice question);

(e..g., clickir.lg on the Make Predictif)ns bu.tton e key-entering a response of 50 to 149 characters

w1th01‘1t having chosen any values with which to to the constructed-response question concluding

experiment); Simulation problem 1;
¢ using Computer Help once or twice in Simulation * performing a variety of interface actions (e.g., tab-

problem 1 (note that using Computer Help is pro-

bing among graphs, tables, and the response area;
posed as suggesting a lower level of skill than not

sorting tables; making tables or graphs) in Simula-

using it); tion problem 3;

° }Asing interf.ace tools in the.wr9ng‘0rder .for draw- * key-entering a response of over 150 characters to
ng conclu51or.15 once or twice in Simulation p‘rob— the constructed-response question concluding
lem 2 (e.g., clicking on Next without responding Simulation problem 1;

to the concluding multiple-choice question); .
J P 4 ); * key-entering a response of over 150 characters to

the constructed-response question concluding
Simulation problem 2; and

* using interface tools in the wrong order for draw-
ing conclusions once or twice in Simulation prob-
lem 1 (e.g., clicking on the concluding multiple-
choice question without first responding to the
concluding constructed-response question);

* key-entering a response of over 150 characters to
the constructed-response question concluding

o : Simulation problem 3.
* never using interface tools in the wrong order

for drawing conclusions in Simulation problem
3 (e.g., clicking on the Draw Conclusions button
before running any experiments);

Appendix | gives the percentages of students
achieving each of these observable behaviors.

¢ key-entering a response of 50 to 149 characters
to the constructed-response question concluding
Simulation problem 3;

* never using interface tools in the wrong order
for experimenting in Simulation problem 1 (e.g.,
clicking on Try It before choosing a value for a first
experiment);

¢ key-entering a response of 50 to 149 characters
to the constructed-response question concluding
Simulation problem 2;

19 The rule for determining whether students used interface tools in the wrong order did not account for students who purposively clicked
on each tool to find out what the tool did. However, relatively few students could have taken this approach because, as the item map
shows, all of the observables associated with using interface tools in the wrong order fell at the low end of the computer skills scale.
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Figure 6-3. Mapping of TRE Simulation observables to the computer skills scale, grade 8: 2003

300

200

¢ 184 Sim 3: Entered over 150 characters for concluding constructed-response question
¢ 183 Sim 2: Entered over 150 characters for concluding constructed-response question

¢ 172 Sim 1: Entered over 150 characters for concluding constructed-response question
# 168 Sim 3: Performed a variety of interface actions (e.g., tabbing among graphs, tables, and
response area; sorting tables; making tables or graphs)

751 percentile

150
50™ percentile

25M percentile

100 ¢ 95 Sim 1: Entered 50-149 characters for concluding constructed-response question

¢ 94 Sim 1: Never misused interface for drawing conclusions

¢ 93 Sim 1: Never used Computer Help

¢ 89 Sim 2: Never misused interface for drawing conclusions

¢ 88 Sim 2: Entered 50-149 characters for concluding constructed-response question
¢ 80 Sim 1: Never misused interface for experimenting

¢ 79 Sim 3: Entered 50-149 characters for concluding constructed-response question
¢ 65 Sim 3: Never misused interface for drawing conclusions

¢ 51 Sim 1: Misused interface for drawing conclusions once or twice

50
¢ 46 Sim 2: Misused interface for drawing conclusions once or twice

¢ 41 Sim 1: Used Computer Help once or twice
¢ 31 Sim 1: Misused interface for experimenting once or twice

¢ 22 Sim 3: Misused interface for drawing conclusions once or twice

0

NOTE: TRE = Technology-Rich Environments. Sim 1 = Simulation problem 1; Sim 2 = Simulation problem 2; Sim 3 = Simulation problem 3. Each position on the
map indicates the scale score at which students had a 65 percent probability of successfully attaining a given level of correctness for a particular observable.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Response Probabilities for Prototypic Students

As discussed in chapter 5, examining the response
probabilities for prototypic students (that is, hypo-
thetical students with low, medium, or high levels of
proficiency) also affords a way to gain insight into
the meaning of the TRE scales. The required prob-
abilities can be generated empirically from the item
response model for students with different prototypic
levels of standing on the TRE proficiencies (e.g.,
students who are known to be high on scientific
exploration as compared with those who are known
to be medium or low). The probability of achieving
each observable can then be examined to see how
prototypic students differ and if those differences are
logically meaningful.

Tables 6-8, 6-9, and 6-10 show the response prob-
abilities for prototypic students with different levels
of scientific exploration, scientific synthesis, and
computer skills. For these tables, the prototypic levels
were defined by separately dividing in turn the scien-
tific exploration, scientific synthesis, and computer
skills score distributions into thirds and taking the
middle value in the bottom third as the prototypic
low student, the middle value in the center third as
the prototypic medium student, and the middle value
in the top third as the prototypic high student. These
values were then used to fix the proficiency level in
the response model for generating the probability of
achieving each of the levels of correctness on each of
the observables.?’

The response probabilities are generally compared
in the following way: First, the prototypic low-level
student is described by identifying the level of cor-
rectness that student is likely to achieve on each ob-
servable. Next, the prototypic medium-level student
is described in terms of only those observables that
would distinguish this student from the prototypic
low-level student (i.e., only those observables on
which the two students would be likely to attain dif-
ferent degrees of correctness). Finally, the prototypic
high-level student is differentiated from the proto-
typic medium-level student in a similar fashion.

As table 6-8 shows, the low-scientific-exploration
student was most likely to receive no credit (i.e., “low”
in terms of level of correctness) for a large number of
observables:

* running the best experiments for Simulation prob-
lem 1,

e controlling variables in experiments for Simula-
tion problem 3,

® creating a useful graph for Simulation problem 1,

e creating a useful table for Simulation problem 1,

* running the best experiments for Simulation prob-
lem 2,

e creating a useful graph for Simulation problem 2,

* running the best experiments for Simulation prob-
lem 3,

e creating a useful graph for Simulation problem 3,
and

® creating a useful table for Simulation problem 3.

The low-scientific-exploration student was also most
likely to receive partial credit for creating a useful
table for Simulation problem 2 and full credit for de-
gree of use of the glossary in Simulation problem 1,
meaning that this student was unlikely to make fre-
quent use of the glossary.

The pattern for the medium-scientific-exploration
student differed from the low-scientific-exploration
student in that the medium-scientific exploration
student was more likely to achieve full credit, rather
than no credit, for the following observables:

¢ controlling variables in experiments for Simula-
tion problem 3,

* running the best experiments for Simulation

problem 2, and
e creating a useful graph for Simulation problem 2.

Finally, in contrast to the medium-scientific-explo-
ration student, the high-scientific-exploration student
was most likely to get full, rather than no, credit for
the following observables:

¢ running the best experiments for Simulation
problem 1,

® creating a useful graph for Simulation problem 1,
e creating a useful table for Simulation problem 1,

* running the best experiments for Simulation prob-
lem 3, and

e creating a useful graph for Simulation problem 3.

20 Note that some observables have two levels of correctness (no credit, full credit), some have three levels (no credit, partial credit, and
full credit), and some have four levels (no credit, low-partial credit, high-partial credit, and full credit).
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Table 6-8. Probability of responding to observables on TRE Simulation for prototypic students, by level of scientific exploration
skill and level of correctness of observable response, grade 8: 2003
Low level Medium level High level
of scientific exploration of scientific exploration of scientific exploration
Low- | High- Low- | High- Low- | High-
No | partial | partial Full No | partial | partial Full No | partial | partial Full
Observables credit! | credit | credit | credit | credit! | credit | credit | credit | credit! | credit | credit| credit

Sim1 Ran best experiments .67 A7 .09 .07

37 .23 19 .20 .16 A7 23 .45

Sim3 Proportion of
experiments controlled for

1 variable .87 .06 .03 .04 31 13 13 .43 .02 .02 .04 .92
Low level Medium level High level
of scientific exploration of scientific exploration of scientific exploration
No Partial Full No Partial No Partial
Observables credit! credit | credit |  credit! credit | Full credit | credit! credit | Full credit
Sim1 Degree of use of
Glossary? .04 31 .65 .02 .19 .79 .01 A1 .88
Sim1 Usefulness of graph A7 17 .06 .45 .34 21 .18 31 .51
Low level Medium level High level
of scientific exploration of scientific exploration of scientific exploration
Observables No credit? Full credit No credit? Full credit No credit! Full credit
Sim1 Usefulness of table .86 14 .64 .36 .35 .65
Sim2 Ran best experiments .81 .19 .32 .68 .05 .95
Sim2 Usefulness of graph .68 32 39 .61 .16 .84
Sim3 Ran best experiments .99 .01 .85 .15 .33 .67
Sim3 Usefulness of graph .81 .19 .64 .36 A4 .56
Sim3 Usefulness of table .60 40 .50 .50 41 .59

1 No credit, partial credit (including low-partial and high-partial), and full credit are the levels of correctness of response specific to each observable.
2 The values for this observable were such that less glossary use received a higher score.
NOTE: TRE = Technology-Rich Environments. Sim1 = Simulation problem 1; Sim2 = Simulation problem 2; Sim 3 = Simulation problem 3. Highest probability for

each level is shown in bold. Detail may not sum to totals because of rounding.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Table 6-9 gives the response probabilities for the
prototypic students with different levels of scientific
synthesis skill, which were computed in a manner
similar to that for scientific exploration. The low-
scientific-synthesis student was most likely to get no
credit for every observable except for the accuracy
of the responses to the concluding multiple-choice
synthesizing questions, for which this student would
more likely receive partial credit. By contrast, the me-
dium-scientific-synthesis student was likely to receive
partial credit, instead of no credit, for the accuracy of
the responses to the final constructed-response ques-
tions for Simulation problems 1, 2, and 3, and for the
accuracy of the response to the final multiple-choice
question for Simulation problem 1.

Compared with the student with medium pro-
ficiency on scientific synthesis, the high-scientific-
synthesis student was likely to receive full instead of
partial credit for the accuracy of the response to the
final constructed-response question for Simulation
problem 1, the accuracy of the responses to the con-
cluding multiple-choice synthesizing questions, the
proportion of accurate predictions for experimental
results for Simulation problem 2, and the accuracy of
the response to the final multiple-choice question for
Simulation problem 3.
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Table 6-9. Probability of responding to observables on TRE Simulation for prototypic students, by level of scientific synthesis
skill and level of correctness of observable response, grade 8: 2003

Low level Medium level High level
of scientific synthesis of scientific synthesis of scientific synthesis
Low- | High- Low- | High- Low- | High-
No | partial | partial Full No | partial | partial Full No | partial | partial Full
Observables credit! | credit | credit | credit | credit! | credit | credit | credit | credit! | credit | credit | credit

Sim2 Accuracy of response to
constructed-response question .74 22 .03 .00 .26 .50 21 .03 .04 .24 .50 22

Sim3 Accuracy of response to
constructed-response question .86 14 .00 .00 A6 .50 .03 .00 A1 .69 .19 .01

Low level Medium level High level
of scientific synthesis of scientific synthesis of scientific synthesis
No Partial Full No Partial Full No Partial Full
Observables credit! credit | credit | credit! credit credit credit! credit | credit

Sim1 Accuracy of response to
constructed-response question .68 31 .02 22 .66 12 .03 AT .50

Accuracy of responses to concluding
multiple-choice synthesizing

questions .35 .58 .07 12 .64 24 .03 40 .56
Low level Medium level High level
of scientific synthesis of scientific synthesis of scientific synthesis

Observables No credit! Full credit No credit! Full credit No credit? Full credit
Sim1 Accuracy of response to

multiple-choice question .57 43 A1 .59 .26 .74
Sim2 Accuracy of response to

multiple-choice question .92 .08 .81 19 .61 39
Sim2 Proportion of accurate

predictions made a7 23 .63 37 AT .53
Sim3 Accuracy of response to

multiple-choice question .89 A1 .73 27 A48 .52

1 No credit, partial credit (including low-partial and high-partial), and full credit are the levels of correctness of response specific to each observable.

NOTE: TRE = Technology-Rich Environments. Sim1 = Simulation problem 1; Sim2 = Simulation problem 2; Sim3 = Simulation problem 3. Highest probability for
each level is shown in bold. Detail may not sum to totals because of rounding.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Finally, the high-synthesis student was also more or graphs) in Simulation problem 3, and partial
likely to receive a higher degree of partial credit than credit for the number of characters used in the
the medium-synthesis student for the accuracy of the final constructed-response questions for Simulation
response to the final constructed-response question problems 1, 2, and 3. The low-computer-skills stu-
for Simulation problem 2. dent was likely to receive the full score for making
Table 6-10 gives the response probabilities for errors in using interface tools to draw conclusions in
computer skills. The prototypic low-computer=skills Simulation problems 1, 2, and 3; for making errors in
student was likely to receive no credit for perform- using interface tools for experimenting in Simulation
ing a variety of interface actions with appropriate problem 1; and for frequency of use of the Computer
frequency (e.g., tabbing among graphs, tables, and Help tool in Simulation problem 1, meaning that this
the response area; sorting tables; and making tables student was not very likely to make such errors or to

frequently use Computer Help.
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Table 6-10. Probability of responding to observables on TRE Simulation for prototypic students,
by level of computer skills and level of correctness of observable response, grade 8: 2003
Low level Medium level High level

of computer skills of computer skills of computer skills

No | Partial Full No | Partial Full No | Partial Full
Observables credit! | credit | credit | credit! | credit| credit| credit! | credit| credit
Sim1 Interface errors in
drawing conclusions? .02 .35 .63 .01 21 .78 .00 A1 .88
Sim1 Interface errors in
running experiments? .02 28 .70 .01 .18 .81 .01 A1 .89
Sim1 Degree of use of
Computer Help? .02 25 .73 .01 15 .84 .01 .09 91
Sim1 Number of characters
used in response to
constructed-response
question 19 .73 .07 .01 46 .52 .00 .06 .94
Sim2 Interface errors in
drawing conclusions? .01 .15 .83 .01 .07 .93 .00 .03 .97
Sim2 Number of characters
used in response to
constructed-response
question 28 .69 .03 .01 .53 45 .00 .05 .95
Sim3 Interface errors in
drawing conclusions? .01 .10 .89 .00 .05 .95 .00 .02 .98
Sim3 Number of characters
used in response to
constructed-response
question .19 .74 .07 .01 A4 .55 .00 .04 .96

Low level Medium level High level
of computer skills of computer skills of computer skills

Observables No credit! | Full credit | No credit! |  Full credit | No credit! | Full credit
Sim3 Performing a variety
of interface actions with
appropriate frequency (e.g.,
tabbing among graphs and
tables) .76 24 .54 46 28 .12

1 No credit, partial credit, and full credit are the levels of correctness of response specific to each observable.

2The values for these observables were such that fewer errors or less use received higher levels of credit.

NOTE: TRE = Technology-Rich Environments. Sim1 = Simulation problem 1; Sim2 = Simulation problem 2; Sim3 = Simulation problem 3.
Highest probability for each level is shown in bold. Detail may not sum to totals because of rounding.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment
of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

The medium-computer-skills student differed from
the low-computersskills student most obviously by
being likely to receive full credit for the number of
characters used in the constructed-response questions
concluding Simulation problems 1 and 3.

Finally, the high-computerskills student was likely
to receive full credit for the number of characters
used in the constructed-response question concluding

Simulation problem 2, and for performing a variety

of interface actions with appropriate frequency (e.g.,
tabbing among graphs, tables, and the response area;
sorting tables; and making tables or graphs) in Simula-
tion problem 3. In contrast, the medium-computer-
skills student was likely to get partial credit for the first
observable and no credit for the second observable.
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TRE Performance as a Function of Relevant Background
Experience

As previously discussed, students responded to

sets of background questions when they took the
TRE scenarios. One set of questions asked students
about their experiences with computers in and out
of school, as well as their activities in science class.
Figures 6-4 to 6-6 show the relationship of students’
TRE Simulation scenario scores with some kinds of
experience with computers that students reported.
For each background question in the tables, statisti-
cally significant differences in student performance
and the directions of those differences are indicated;
T denotes the TRE Simulation total score, E denotes
the TRE Simulation scientific exploration score, S
denotes the TRE Simulation scientific synthesis score,
and C denotes the TRE Simulation computer skills
score.

As shown in figure 6-4, and as might be expected,
students who reported using computers more fre-
quently for a variety of activities, ranging from using a
word processor to making tables and graphs, outper-
formed their peers who reported using computers
less frequently for these activities. While some activi-
ties—for example, using computers to make art (data
not shown)—were not associated with any statistically
significant score differences, in no case were comput-
er-based activities negatively associated with student
performance.

Students reporting using a word processor to a
small, moderate, or large extent performed better
on all four scales than students reporting not using
a word processor at all. Further, students reporting
using a word processor to a moderate or large extent
outperformed students reporting using one to a small
extent; and, finally, students reporting using a word
processor to a large extent outperformed students re-
porting using one to a moderate extent. These results
make sense as the TRE Simulation scenario requires
students to use their word processing skills to com-
pose responses to the constructed-response questions
concluding each section of the scenario.

Also notable in figure 6-4 is that students who
reported using a computer to make charts, tables,
and graphs to a small or moderate extent performed
better on all four TRE scales than students who

reported that they did not do so at all. Although they
did not have to, students could choose to make tables
and graphs in the TRE Simulation scenario to keep
track of experiments they had run and to help them
interpret the results of their experiments; students
who reported using charts, tables, and graphs outside
of the TRE experience to a small or moderate extent
received higher scale scores than students who did
not report such use. One possible explanation for
this association is that experience with making tables
and graphs on the computer was helpful to students
taking the TRE Simulation scenario.

Figure 6-4 indicates that students who reported
finding information on the Internet to a large extent
had higher scale scores for all four TRE Simulation
scales than their peers who reported doing so to a
small extent, and also higher scientific synthesis scale
scores than students who reported finding informa-
tion on the Internet to a moderate extent. A possible
explanation for this association is that, while the TRE
Simulation scenario did not require web searching,
its interface conventions (for example, arrows to
move forward and backward among pages and func-
tions activated by clicking) would all likely be very
familiar to students who spend time navigating on
the Web.

Finally, figures 6-5 and 6-6 show results consistent
with those from figure 6-4, as they indicate that the
frequency of using a computer outside of school
(figure 6-5) and the presence of a computer at
home (figure 6-6) are both positively associated with
student performance. On all four TRE Simulation
scale scores, students who reported using a computer
outside of school daily outperformed students who
reported doing so 2 to 3 times per week, once every
few weeks, and never or hardly ever. On the TRE Sim-
ulation total, exploration, and computer skills scales,
students who reported using a computer outside of
school daily outperformed students who reported
doing so once a week. Additionally, students who re-
ported using a computer outside of school 2-3 times
a week outperformed those who reported doing so
once every few weeks on the scientific exploration
scale and on the total score scale, and outperformed
those who reported doing so never or hardly ever on
all four TRE Simulation scales.
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The overall positive pattern of relationships
between student performance and computer use

generally held true for all four TRE Simulation scales,

indicating that the TRE scales were functioning
similarly with respect to these background indicators.
There was one notable exception, however: Students
who reported playing computer games to a moder-
ate or large extent had higher scientific exploration
scores than students who reported that they did not
play such games at all. There were no statistically sig-
nificant relationships between student reports about
this variable and their scores on the other three TRE
Simulation scales. This result may reflect the fact that
the TRE Simulation observables assigned to the TRE
exploration scale resemble the activities involved in
some complex computer games; manipulating condi-
tions, keeping track of choices made and their out-
comes, observing and interpreting animated displays,
and creating and manipulating tables and graphs are
effective strategies for solving problems in a variety of
computer-based environments.

Information was also collected about students’
activities in science class, for example, the frequency
of carrying out science experiments. In almost every
case, the numbers of students in the various re-
sponse intervals for each background question were
too small for significance tests to be performed, or
data based on these questions bore no statistically
significant relationships to student performance. In
no instance were reported science activities nega-
tively associated with student performance (data not
shown).2!

Figure 6-4. Relationship between TRE Simulation
performance and reported type of computer
use, grade 8: 2003

Play computer games

Response Not at all Small| Moderate Large
Not at all T B B
| Small T
‘ Moderate T
‘ T
Use a word processor
Response Not at all Small|  Moderate Large
| Not at all t| TES &C| TES &C|TES &C
[ Small & t| TES &C|TES &C
‘ Moderate 8 8 t|TE S &C
| Large 8 8 & t
Make tables, charts, or graphs on computer
Response Not at all Small|  Moderate Large
Not at all t| TES &C| TES&C
: Small 8 1
‘ Moderate 8 1
Large T
Find information on the Internet
Response Not at all Small|  Moderate Large
Not at all T
Small t TS &C|TES &C
Moderate 8 1 S
Large 8 t

1 Not applicable.

T =TRE Simulation total score.

E =TRE Simulation scientific exploration score.

S =TRE Simulation scientific synthesis score.

C =TRE Simulation computer skills score.

NOTE: TRE = Technology-Rich Environments. Column headings in table

correspond to student questionnaire response categories as follows: Not at

all = not at all; Small = small extent; Moderate = moderate extent; Large =
large extent.

SOURCE: U.S. Department of Education, Institute of Education Sciences,

National Center for Education Statistics, National Assessment of

Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich

Environments Study.

- Indicates that at least one of the four types of scores was
significantly higher at the .05 level for students giving the
response at the left of the row than for those giving the response
at the top of the column.

|:| Indicates that there was no significant difference in any of the
four types of scores between students giving the response at the
left of the row and those giving the response at the top of the
column.

|:| Indicates that at least one of the four types of scores was
significantly lower at the .05 level for students giving the
response at the left of the row than for those giving the response
at the top of the column.

21 The analyses presented in figures 6-5 to 66 did not control for other background variables, such as socioeconomic status (SES). It is possible that hold-
ing such variables constant would produce a different pattern of relations between reported computer use and TRE scores from that described above.
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Figure 6-5. Relationship between TRE Simulation performance and reported frequency of computer
use outside of school, grade 8: 2003

How often do you use a computer outside of school?

2-3 times Once Once every Never or
Response Daily per week a week few weeks hardly ever
Daily t
2-3 times per week TES &C
Once a week TE&C
Once every few weeks TES &C TE T
Never or hardly ever TES &C TES &C 1

1 Not applicable.

T =TRE Simulation total score.

E =TRE Simulation scientific exploration score.

S =TRE Simulation scientific synthesis score.

C =TRE Simulation computer skills score.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National

Assessment of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

- Indicates that at least one of the four types of scores was significantly higher at the .05 level for students giving the
response at the left of the row than for those giving the response at the top of the column.

|:| Indicates that there was no significant difference in any of the four types of scores between students giving the
response at the left of the row and those giving the response at the top of the column.

|:| Indicates that at least one of the four types of scores was significantly lower at the .05 level for students giving the
response at the left of the row than for those giving the response at the top of the column.

Figure 6-6. Relationship between TRE Simulation performance and presence of a home
computer that the student uses, grade 8: 2003

Is there a computer at home that you use?

Response Yes No
Yes T
No TES &C T

1 Not applicable.

T =TRE Simulation total score.

E =TRE Simulation scientific exploration score.

S =TRE Simulation scientific synthesis score.

C =TRE Simulation computer skills score.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences,

National Center for Education Statistics, National Assessment of

Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich

Environments Study.

- Indicates that at least one of the four types of scores was
significantly higher at the .05 level for students giving the

response at the left of the row than for those giving the response

at the top of the column.

Indicates that there was no significant difference in any of the

four types of scores between students giving the response at the

left of the row and those giving the response at the top of the

column.

Indicates that at least one of the four types of scores was

significantly lower at the .05 level for students giving the

response at the left of the row than for those giving the response

at the top of the column.

0 O
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Performance by Student Groups

Analyses were carried out for average scores for
NAEP reporting groups defined by gender,
race/ethnicity, parents’ education level, eligibility

for free or reduced-price school lunch, and school
location. (See table 6-11 for performance results for
student groups.) Statistically significant differences

in student performance were found on one or more
TRE Simulation scales for all groups except gender
and school location, and are discussed below. (More
details on TRE scale scores and percentiles by student
groups are available in appendix H for those groups
and scales on which statistically significant differences
were observed.) It is notable that no difference was
found between the average scores of male and female
students in the Simulation scenario.

Performance by Racial/Ethnic Group

NAEP uses school-reported data to identify students’
race/ethnicity. For each of the four TRE Simula-
tion score scales, there were statistically significant
differences among the racial/ethnic groups: White
students received higher scores on all four TRE scales
than their Black and Hispanic peers. On the TRE
Simulation total score, White students scored higher
(mean scale score = 161) than Black students (mean
scale score = 127) (¢, 15 =8.21, p< .05) and Hispanic
students (mean scale score = 128) (4, 5 = 6.68,
p<.05).

On the scientific exploration scale, White students
(mean scale score = 160) had higher scores than did
Black students (mean scale score = 131) (¢, 12 =6.97,
$<.05) and Hispanic students (mean scale score = 130)
(4,6=6.72, p<.05).

For scientific synthesis, too, the average perfor-
mance of White students (mean scale score = 161) was
higher than that of Hispanic students (¢, 10 = 7.14,
p<.05), who received a mean scale score of 130, as
well as that of Black students (¢, 13 = 6.73, p < .05), who
received a mean scale score of 128.

Finally, for the computer skills scale score, White
students (mean scale score = 159) received higher
scale scores than did Hispanic students (mean scale
score = 132) (¢, 18 =5.04, p<.05) and Black students
(mean scale score = 132) (¢, 31 =5.09, p<.05).

Performance by Parents’ Education Level

Statistically significant performance differences were
also present for groups of students reporting differ-
ent levels of parental education. NAEP asks how far
the student’s mother went in school and how far the
student’s father went in school and uses the higher
level for this category. As is typical for NAEP results,
students who reported higher levels of parental educa-
tion outperformed their peers who reported lower
levels. For the TRE Simulation total score, students
reporting that a parent graduated from college (mean
scale score = 161) outperformed students reporting
that a parent graduated from high school (mean scale
score = 141) (¢, 37 =-5.02, p <.05), and outperformed
students reporting that their parents did not finish
high school (mean scale score = 121) (4, 20 =-7.19,
p<.05). In addition, students reporting that a parent
had some education after high school (mean scale
score = 150) outperformed those reporting that a par-
ent graduated from high school (¢, 41 =-2.18, p<.05)
and those reporting that their parents did not finish
high school (¢, 22 =-5.05, p < .05).

On the scientific exploration scale, the perfor-
mance of students reporting that a parent had
graduated from college (mean scale score = 159) was
higher than the performance of students reporting
that a parent had graduated from high school (mean
scale score = 142) (¢, 38 =-4.18, p < .05) and higher
than the performance of students whose parents did
not finish high school (mean scale score = 127)

(¢, 32 =-7.02, p=<.05). Additionally, students whose
parents had some education after high school (mean
scale score = 151) also outperformed students whose
parents did not finish high school (¢, 32 =-4.79,
p<.05).
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For the scientific synthesis scale, students who report-
ed that a parent graduated from college (mean scale
score = 160) scored higher than students with a parent
who had some education after high school (mean scale
score = 150) (¢, 37 =-2.22, p<.05); than students who
reported a parent who graduated from high school
(mean scale score = 142) (¢, 27 =-4.87, p<.05); and
than students whose parents did not finish high school
(mean scale score = 125) (¢, 35 =-7.48, p<.05). Further,
students with a parent who had some education after
high school (mean scale score = 150) scored higher
than students whose parents did not finish high school
(mean scale score = 125) (¢, 48 =—4.38, p<.05).

There were also several statistically significant
differences among the groups for computer skills. Stu-
dents reporting that a parent graduated from college
(mean scale score = 160) scored higher on the com-
puter skills scale than students with a parent whose
highest level of education was graduation from high
school (mean scale score = 143) (¢, 52 =-3.32, p<.05),
and than students whose parents did not finish high
school (mean scale score = 125) (¢, 45 =-6.54, p<.05).

Performance by Eligibility for Free or Reduced-Price
School Lunch

Performance can also be analyzed for groups
defined according to eligibility for free or reduced-
price school lunch, as reported by schools. Eligibil-
ity is based on family income and is thus related to
socioeconomic status. Those students not eligible for
free or reduced-price lunch received higher mean

TRE Simulation total scores (mean scale

score = 160) than students eligible for reduced-price
lunch (mean scale score = 143) (¢, 36 = 3.25, p < .05)
and students eligible for free lunch (mean scale
score = 127) (¢, 22 =8.67, p<.05). Students eligible
for reduced-price lunch, in turn, performed better
(mean scale score = 143) than students eligible for
free lunch (mean scale score = 127) (1, 37 = 2.94,
p<.05).

For the scientific exploration scale, students who
were not eligible for free or reduced-price lunch
received higher scores (mean scale score = 158) than
students who were eligible for free lunch (mean scale
score = 131) (4, 12=6.61, p<.05).

For the scientific synthesis scale, students who
were not eligible for free or reduced-price lunch
performed better (mean scale score = 159) than
students who were eligible for reduced-price lunch
(mean scale score = 146) (¢, 22 =2.17, p < .05) and
students who were eligible for free lunch (mean
scale score = 130) (¢, 21 = 7.31, p < .05). Addition-
ally, students who were eligible for reduced-price
lunch (mean scale score = 146) had higher scores
than those who were eligible for free lunch (mean
scale score = 130) (¢, 30 =2.53, p<.05).

For the computer skills scale, students who were
not eligible for free or reduced-price lunch (mean
scale score = 158) performed better than those who
were eligible for free lunch (mean scale score = 131)
(1, 25=5.29, p<.05).
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Table 6-11. Mean TRE Simulation scores, by student characteristics and number of students, grade 8: 2003

Number of TRE Simulation Scientific Scientific Computer
Characteristic students total score  exploration score synthesis score skills score
Total 1,032 150 (2.4) 150 (2.3) 150 (2.3) 150 (3.4)
Gender
Male 545 149 (2.7) 152 (2.7) 151 (2.5) 147 (3.7)
Female 487 150 (3.1) 147 (2.4) 149 (2.8) 153 (3.7)
Race/ethnicity
White 644 161 (1.9) 160 (1.6) 161 (1.9) 159 (3.3)
Black 171 127 (3.8) 131 (3.9) 128 (4.5) 132 (4.1)
Hispanic 168 128 (4.7) 130 (4.1) 130 (3.8) 132 (4.2)
Student-reported parents’ highest
education level
Did not finish high school 66 121 (5.1) 127 (3.8) 125 (4.1) 125 (3.7)
Graduated from high school 199 141 (3.3) 142 (3.1) 142 (3.1) 143 (3.5)
Some education after high school 180 150 (2.8) 151 (3.3) 150 (3.9) 149 (4.4)
Graduated from college 493 161 (2.4) 159 (2.6) 160 (2.2) 160 (3.7)
Eligibility for school lunch
Not eligible 625 160 (2.1) 158 (1.4) 159 (1.7) 158 (3.2)
Reduced-price lunch 70 143 (4.7) 146 (5.9) 146 (5.5) 146 (6.4)
Free lunch 289 127 (3.2) 131 (3.9) 130 (3.6) 131 (4.0)
School location
Central city 254 145 (3.7) 147 (3.1) 146 (3.4) 146 (4.1)
Urban fringe/large town 443 151 (3.5) 150 (3.4) 151 (3.7) 151 (4.0)
Rural 335 151 (3.3) 151 (3.3) 152 (3.5) 151 (3.9)

NOTE: TRE = Technology-Rich Environments. Standard errors of the estimates appear in parentheses. Some seemingly large differences between the performance
of student groups were not statistically significant because of the large standard errors associated with those differences. Results are shown for three mutually
exclusive race/ethnicity categories. Black includes African American, and Hispanic includes Latino. Race categories exclude Hispanic origin unless specified.
Eligibility for free or reduced-price lunch was based on school-reported information. For details about eligibility requirements, see Eligibility for Free/Reduced-
Price School Lunch in Appendix K. Results are not shown for students whose eligibility status for free or reduced-price lunch was not available.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Chapter 7: Summary of Results

The Problem Solving in Technology-Rich Environments
(TRE) study was designed to demonstrate and explore
an innovative use of computers for developing, admin-
istering, scoring, and analyzing the results of NAEP
assessments. To accomplish this exploration, research-
ers developed two sample scenarios focused on using
computers for problem solving. Because the TRE project
was intended as an exploratory study involving only

two scenarios in one domain of science, results cannot
be generalized to problem solving in technology-rich
environments as a whole. However, by reflecting eighth-
graders’ performance in a narrow domain, the study
illustrates the kinds of tasks, analyses, and results that sce-
nario-based technology assessment can provide in NAEP.

TRE Search Scenario Results

TRE Search consisted of 11 observables and produced a
total score and two subscores: scientific inquiry and com-
puter skills. The internal consistency of the three TRE
Search scores ranged from .65 to .74. These values com-
pare favorably to those for the NAEP grade 8 hands-on
science blocks, which, although measuring skills different
from TRE, also include extended exercises. The hands-
on science blocks usually feature 30-minute extended
exercises (in contrast to the approximately 40 minutes
allocated to TRE Search). For the 2000 NAEP science
assessment, the mean weighted internal consistency,
taken across three such hands-on blocks, was .62
(O’Sullivan et al. 2003).

The Search subscores provided overlapping but not
redundant information; the (disattenuated) intercor-
relation of the scores was .57. The scientific inquiry skill
scale score was most related in the student sample to the
relevance of the pages visited or bookmarked, the quality
of the constructed response to the Search question, and
the degree of use of relevant search terms (disattenuated
correlations between performance on the observable and
scale score =.51 to .71). In contrast, the computer skills
scale score was most related in the student sample to the
following factors: the use of hyperlinks, the use of the
Back button, the number of searches needed to get rel-
evant hits (an efficiency measure), and the use of book-
marking (disattenuated correlation range = .60 to .69).
Although the Search scenario required more time than
the typical NAEP science assessment block, the scenario
produced more score information because performance
was evaluated along three dimensions instead of one.

Some of the differences observed among the per-
formances of major NAEP reporting groups on NAEP
assessments were also observed on TRE Search. On the
total score, White students scored higher than Black and
Hispanic students, and Hispanic students scored higher
than Black students. Students who reported that at least

one parent graduated from college scored higher than
students who reported that their parents did not finish
high school and higher than those who reported that at
least one parent graduated from high school. Students
who were not eligible for free or reduced-price lunch
scored higher than eligible students. Overall, similar pat-
terns of difference were also evident for the two Search
subscales.

TRE Simulation Scenario Results

The TRE Simulation scenario consisted of 28 observables
and produced a total score and three subscores: scientific
exploration, scientific synthesis, and computer skills. The
internal consistency of the four scales ranged from .73

to .89. Like the Search scenario, Simulation compared
favorably to the NAEP hands-on science blocks, which
measure skills different from TRE but which employ
extended tasks. TRE Simulation required more time
than the typical NAEP science block, and Simulation
appeared to be somewhat more reliable and produced
more score information than NAEP science blocks.

As with the Search scenario, the Simulation subscores
provided overlapping but not redundant information;
the (disattenuated) intercorrelations of the scores
ranged from .73 to .74. The scientific exploration skill
scale score was most related in the student sample to
three factors—which experiments students chose to
run to solve the Simulation problems, whether students
constructed tables and graphs that included the relevant
variables for Simulation problems 1 and 2, and the de-
gree to which experiments controlled for one variable in
Simulation problem 3. The scientific synthesis scale score
was most related in the student sample to the degree of
correctness and completeness of conclusions drawn for
each Simulation problem. Finally, performance on the
computer skills scale was most associated in the student
sample with the number of characters in the conclusions
students constructed for each of the three Simulation
problems.

Also, as with the Search scenario, many of the perfor-
mance differences observed among student groups on
NAEP assessments held true for TRE Simulation. On
the TRE Simulation total score, White students scored
significantly higher statistically than Black and Hispanic
students. Students who reported that at least one parent
graduated from college scored higher than students who
reported that their parents did not finish high school
and higher than those who reported that at least one
parent graduated from high school. Finally, students
who were not eligible for free or reduced-price lunch
scored higher than eligible students. Similar patterns
of difference were also evident for the three Simulation
subscales.
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Appendix B: Sample Selection

The TRE study samples comprised nationally repre-
sentative groups of eighth-grade students selected
through a multistage probability-based procedure.
This procedure used counties and county equivalents
or groups of counties (primary sampling units, or
PSUs) as the first-stage sampling units, and schools
as the second-stage units.! The third and final stage
involved selection of students within schools and
their assignment to either the Search scenario or the
Simulation scenario.

Fifty-two primary sampling units (PSUs) were
included in the first stage, with the 10 largest PSUs be-
ing certainty PSUs and the remaining 42 noncertainty
PSUs. The schools were selected systematically from a
sorted list with probabilities proportional to assigned
measures of size. To increase cost-efficiency in sam-
pling, samples were designed to include more relative-
ly large schools. Also, because the TRE administration
was so different from the traditional NAEP assessment,
school selection probabilities were adjusted so that the
TRE sample overlapped as little as possible with the
main 2003 NAEP assessment. The selection procedure
resulted in a sample of 270 schools, 222 of which par-
ticipated in the assessment, for a weighted cooperation
rate of 85.1 percent.

From the 222 participating schools, 2,409 students
were selected to participate in the study. Of these
students, 150 were nonrespondents. An additional
125 students were excluded who could not partici-
pate in the assessment as it was normally conducted.
The weighted exclusion rate for such students was
4.8 percent. After accounting for excluded students
and nonrespondents, the total number of students
assessed was 2,134, resulting in a weighted student
participation rate of 93.5 percent. Combining the ef-
fects of school nonparticipation and student nonpar-
ticipation resulted in an overall weighted participa-
tion rate of 79.6 percent, comparable to the weighted
participation rate for the NAEP 2000 grade 8 science
assessment of 78 percent.

When resulting data files were examined, it was
found that, for unknown reasons, 25 students did not
have scenario data and that 1 student, who was mis-
takenly coded as a nonrespondent, actually did have
scenario data but no sampling weights. This resulted
in a total number of students with data of 2,110 but
sampling weights for only 2,109. Results reported in
chapters 5 and 6 used the sample of 2,109.

Assignment to the Search and Simulation sce-
narios within schools was random. The number of
students taking the Search scenario was 1,077. The
number taking the Simulation scenario was 1,033,
including the student without a sampling weight.

! County equivalents refer to the Anchorage Municipality and all Boroughs and Census Areas in Alaska, the District of Columbia, all Parish-
es in Louisiana, and all Independent Cities in Virginia, as well as Baltimore City, Maryland; St. Louis, Missouri; and Carson City, Nevada.
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Appendix C: Technical Specifications for Participating Schools

Hardware Software
¢ Internet connection: Dedicated line (non-dial up) e Web browser: Microsoft’s Internet Explorer
200Kb per second or greater Version 5.0 or later.!

e Computers: PC with Pentium Class 266 megahertz
microprocessor or better (Macintosh computers
were not acceptable.)

e Memory: 32MB or greater for Windows 95 and 98;
64MB or greater for other operating systems

e Operating system: Windows 95, Windows 98,
Windows ME, Windows NT, Windows 2000, or
Windows XP

e Hard drives: 10MB free disk space

 Graphics capabilities: SVGA support — 1024 x 768
resolution with minimum 65536 (16 bit) colors

I Some minor enhancements to Internet Explorer were required. These were installed during the certification process if they were not
already present. The enhancements included:
* Macromedia Flash 5.0 Player
® Microsoft Virtual Machine (Java)
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Appendix D: Prior Knowledge and Background Questions for Search and Simulation

Scenarios

The correct answers to prior knowledge questions in
this appendix are shown in bold.

Problem Solving in Technology-Rich Environments (TRE)
Search Scenario and Simulation Scenario Prior
Computer Knowledge Questions

1.

What is the main role of a computer program?

A. To put data into the computer

B. To give the computer a memory

C. To tell the computer what to do

D. To let the computer know if it is doing a good job

Put dough in a pie dish. Grease pie dish.
Open can of cherry pie filling and pour it
in pie dish. Bake at 350 degrees for 45
minutes and let cool.

2,

In the recipe above, the words “Grease pie dish”
should go before “Put dough in a pie dish.” What
is the best way to fix this problem using your word
processor?

A. Search and Replace
B. Move (or Cut and Paste)
C. Insert
D. Delete

'COST OF LEMONADE INGREDIENTS

| May | June | July  August
| $900  $10.00  $1000  $11.00
| | $12.00 0 $13.00  $14.00  $15.00

Bottled Water . §8.00  $9.00  §9.00  $10.00

|TOTAL BY MONTH | $2000  $3200  $33.00  $36.00

Pat has made the spreadsheet above to calculate the
cost of supplies for a lemonade stand open from May
through August.

What should Pat do to calculate the total cost of
lemons for all four months?

A. Calculate the sum of cells F6 through F10.
B. Calculate the sum of cells A7 through C7.
C. Calculate the sum of cells C6 through F6.

D. Calculate the sum of cells C7 through F7.

Your teacher has asked you to do a web search to
find out about what African elephants eat.

Which of the following search terms would likely
return the most relevant pages?

A. African elephant

B. Elephant diet

C. Elephant

D. Diet African elephant

What does the web search query elephant OR tiger
mean?

A. Find pages with references to both elephants
and tigers.

B. Find pages with references to either elephants
or tigers.

C. Find pages with references to elephants or tigers,
but not both.

D. Find pages with elephant and tiger in the page
title.
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6.

7.

10.

When talking about the Internet, what is a “link”?

A. The cables connecting computers together
B. The missing information in a document

C. A connection between web pages

D. Akind of email message

After you enter a search query, you get a list of
hits. Where in the list of hits are you likely to find
information most related to your query?

A. At the bottom of the list
B. In the middle of the list
C. Anywhere on the list

D. At the top of the list

In order to automatically repeat the same text at the
bottom of each page of a multipage report you need

A. use a footer

B. use a header

C. placeitin atable

D. type in outline mode

By clicking and dragging on the point indicated by
the arrow, the user will be able to

A. change the color
B. cut the graphic

C. resize the graphic
D. paste the graphic

What is a “URL’?

A. A computer processor
B. A security password
C. Aninternet address
D. A computer monitor

Problem Solving in Technology-Rich Environments (TRE)
Simulation Scenario Prior Science Knowledge
Questions

1.

Which of the following is the best example of the
concept of mass?

A. The amount of space that a liquid takes up

B. The energy it takes a person to carry an object
C. The amount of material in an object

D. The length of a piece of material

Which statement best describes what happens to a
specific amount of gas when it is moved from a larger
to a smaller closed container?

A. The mass of the gas decreases.

B. The temperature of the gas decreases.
C. The density of the gas increases.

D. The volume of the gas increases.

A rubber gas balloon can hold 10 cubic feet of
helium. Ellen puts 5 cubic feet of helium inside the
balloon, so its starting volume is 5 cubic feet. The
balloon rises and expands. When the balloon stops
rising, its final volume is 10 cubic feet.

Why did the balloon volume change from start to

finish?

A. As the balloon rises, decreasing air pressure
allows the amount of helium gas inside the
balloon to increase.

B. As the balloon rises, decreasing air pressure
allows the helium inside the balloon to expand
and push out the sides of the balloon.

C. As the balloon rises, increasing air pressure
makes the helium gas inside the balloon denser
and therefore heavier.

D. As the balloon rises, increasing air pressure
makes the helium gas inside the balloon less
dense so it expands.

Problem Solving in Technology-Rich Environments 103



4. Brad thinks that water will evaporate at different rates The graph below shows the change in temperature inside
depending on the temperature of a room. If he wants the Earth as the depth below the surface increases.
to do an experiment to test his idea, what would be
the best experimental set up? Graph 1: Change in Temperature with

A. Put equal amounts of water at the same Increasing Depth Below Earth'’s Surface

temperature in bowls of different sizes, each in a
different room with each room having a different
temperature and a different humidity.

B. Put equal amounts of water at the same
temperature in bowls of equal size, each in
a different room with each room having a
different temperature but the same humidity.

C. Putequal amounts of water at the same
temperature in bowls of equal size, each in a
different room with each room having the same Center

. . 1,000 of Earth
temperature but different humidity.

D. Put equal amounts of water at the same 0 -
temperature in bowls of different sizes, each in a 0 10003000, 3000, 4000.5,000 6000
different room with each room having the same Depth Gam)
temperature and the same humidity.

Temperature (°C)

5. Which of the following is true of the temperature
inside the Earth?

A. ltincreases rapidly with depth near the surface,
then remains constant.

B. It increases rapidly with depth near the
surface, then it increases more slowly in the
inner layers.

C. ltincreases slowly with depth near the surface,
then it increases more rapidly in the inner layers.

D. Itincreases with depth at a constant rate.

6. Which statement best describes what makes a gas
balloon rise into the air?

A. The gas inside the balloon decreases in volume
as the balloon rises into the air.

B. The temperature of the air increases as the
balloon rises into the air.

C. The mass of the balloon material is greater than
the mass of the gas inside the balloon.

D. The density of the air surrounding the balloon
is greater than the density of the gas inside
the balloon.
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Questions 7-9 refer to the description below.

A scientist questioned the ability of fish raised in a
hatchery (farm) to survive in the wild. She believed the
fish raised in hatcheries had lost their fear of predators.

To test her idea, she placed 15 hatchery salmon and
15 wild salmon of the same age into two separate but
identical tanks. She then placed a clear piece of plastic
into each tank. In each tank, she put the salmon on one
side of the plastic and a large predatory fish, the cod,
on the other side of the plastic. She then recorded the
amount of time it took the salmon in each tank to move
to the back of the tank away from the cod.

She found that the hatchery fish were much slower in
moving away than the wild fish. This led her to believe
that the hatchery fish have less fear of predators than do
wild fish.

7. What is a control in the experiment?

A. The hatchery salmon

B. The wild salmon

C. The time it took the wild salmon to move away
from the cod

D. The time it took the hatchery salmon to move
away from the cod

8. What is the hypothesis in the experiment?

A. Wild fish have less fear of predators than
hatchery fish.

B. Hatchery fish have lost their fear of predators.

C. Hatchery fish will move rapidly away from
predators placed in their tanks.

D. Wild fish will survive attacks from predators more
often than hatchery fish.

9. What is the conclusion of the experiment?

A. Wild fish swim more rapidly than do hatchery
fish.

B. Wild fish take more time to move away from
predators than do hatchery fish.

C. Hatchery fish have less fear of predators than
do wild fish.

D. Hatchery fish will be able to survive in a wild
environment.

The graph below contains information about the
movement of a bicycle.

3.07

P
2.0
= 1.5
o 1.0
0.5

0

eed (m/s

S

10. At which time is the bicycle’s speed constant?

A. At 1 second

B. At 2 seconds
C. At4 seconds
D. At 8 seconds
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Problem Solving in Technology-Rich Environments (TRE)
Search Scenario Prior Science Knowledge Questions

1.

Which statement best describes what happens to a
specific amount of gas when it is moved from a larger
to a smaller closed container?

A. The mass of the gas decreases.

B. The temperature of the gas decreases.
C. The density of the gas increases.

D. The volume of the gas increases.

What kind of gas would most likely be used to lift a
balloon 10 miles into the sky?

A. Helium

B. Oxygen

C. HotAir

D. Nitrogen

The main reason a scientist might prefer to observe

distant stars from high above earth than from on the
ground is because

A. the force of gravity is weaker

B. itis always nighttime high above earth

C. there is less interference from the atmosphere

D. it shortens the distance to the stars being
observed

Which of the following physical forces is mostly
responsible for pulling a balloon toward the ground?

A. Air resistance
B. Gravity

C. Atomic force
D. Magnetic force

A rubber balloon filled with air will sink to the ground.
Which of the following actions would make the
balloon rise?

A. Release the balloon from the top of a mountain.
B. Make the balloon out of lighter material.

C. Put more air into the balloon.

D. Heat the air in the balloon.

6.

10.

Which statement best describes what makes a gas
balloon rise into the air?

A. The gas inside the balloon decreases in volume
as the balloon rises into the air.

B. The temperature of the air increases as the
balloon rises into the air.

C. The mass of the balloon material is greater than
the mass of the gas inside the balloon.

D. The density of the air surrounding the balloon
is greater than the density of the gas inside
the balloon.

What will likely happen to a rubber balloon filled with
gas as it rises into the air?

A. It will remain the same size.

B. It will shrink in size until it collapses.
C. It will expand in size until it bursts.
D. It will expand and then shrink.

Scientists interested in studying weather would most
likely send a weather balloon into which part of the
atmosphere?

A. Mesosphere
B. Stratosphere
C. Thermosphere
D. Troposphere

Scientists currently use gas balloons to collect
information on which of the following?

A. Condition of the ozone layer

B. Effects of gravity on humans

C. Contents of craters on the Moon
D. Patterns of airplane traffic

One problem with using hydrogen gas in scientific
balloons is that hydrogen gas

gives less lift than most other gases
B. s arare and expensive gas

C. s highly explosive

D. turns to liquid as the balloon rises

>
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Background Questions Used in the Search and
Simulation Scenarios

Questions 1-8. To what extent do you do the following on
a computer? Include things you do in school and things

you do outside of school.

1. Play computer games

A. Not at all

B. Small extent

C. Moderate extent
D. Large extent

2. Write using a word processing program

A. Not at all

B. Small extent

C. Moderate extent
D. Large extent

3. Make drawings or art projects on the computer

A. Not at all

B. Small extent

C. Moderate extent
D. Large extent

4. Make tables, charts, and graphs on the computer

A. Not at all

B. Small extent

C. Moderate extent
D. Large extent

5. Look up information on a CD

A. Not at all

B. Small extent

C. Moderate extent
D. Large extent

6. Find information on the Internet for a project or
report for school

A. Not at all

B. Small extent

C. Moderate extent
D. Large extent

7.

10.

11.

12

Use e-mail to communicate with others

A. Not at all

B. Small extent

C. Moderate extent
D. Large extent

Talk in chat groups or with other people who are
logged on at the same time

A. Not at all

B. Small extent

C. Moderate extent
D. Large extent

Who taught you the most about how to use a
computer?

| learned the most on my own.

| learned the most from my friends.

| learned the most from my teachers.

| learned the most from my family.

| don’t really know how to use a computer.

mo o w>

How often do you use a computer at school? Include
use anywhere in the school and at any time of day.

Every day

Two or three times a week
About once a week

Once every few weeks
Never or hardly ever

mo o w>

How often do you use a computer outside of school?

A. Every day
B. Two or three times a week
C. About once a week
D. Once every few weeks
E. Never or hardly ever
. Is there a computer at home that you use?
A. Yes
B. No

Problem Solving in Technology-Rich Environments 107



Questions 13-15. Please indicate the extent to which you

AGREE or DISAGREE with the following statements.

13.

14.

15.

16.

I am more motivated to get started doing my
schoolwork when | use a computer

Strongly agree

Agree

Disagree

Strongly disagree

| never use a computer.

moow>

| have more fun learning when | use a computer

Strongly agree

Agree

Disagree

Strongly disagree

| never use a computer.

moow>

| get more done when | use a computer for
schoolwork

Strongly agree

Agree

Disagree

Strongly disagree

| never use a computer.

moow>

Which best describes you?

A. White (not Hispanic)

B. Black (not Hispanic)

C. Hispanic (“Hispanic” means someone who is
from a Mexicano, Mexican America, Chicano,
Puerto Rican, Cuban, or other Spanish or
Hispanic background

D. Asian (“Asian” means someone who is from a
Chinese, Japanese, Vietnamese, or other Asian
background)

E. Pacific Islander (“Pacific Islander” means
someone who is from a Filipino, Hawaiian, or
other Pacific Islander background)

F. American Indian or Alaskan Native (“American
Indian or Alaskan Native” means someone who
is from one of the American Indian tribes, or one
of the original people of Alaska)

G. Other

17.

18.

19.

20.

21.

22,

23.

If you are Hispanic, what is your Hispanic
background?

| am not Hispanic.

Mexican, Mexican America, or Chicano
Puerto Rican

Cuban

Other Spanish or Hispanic background

mo o w>

How far in school did your mother go?

She did not finish high school.

She graduated from high school.

She had some education after high school.
She graduated from college.

| don't know.

mo o w>

How far in school did your father go?

He did not finish high school.

He graduated from high school.

He had some education after high school.
He graduated from college.

| don't know.

mo o w>

About how many books are there in your home?

A. Few (0-10)

B. Enough to fill one shelf (11-25)

C. Enough to fill one bookcase (26-100)

D. Enough to fill several bookcases (more than
100)

Does your family get a newspaper at least four times
a week?

A. Yes

B. No
C. Idon’t know.

Does your family get any magazines regularly?
A. Yes

B. No
C. Ildon’t know.

Is there an encyclopedia in your home? It could be a
set of books, or it could be on the computer.

A. Yes

B. No
C. Idon’t know.
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24. On a school day, about how many hours do you
usually watch TV or videotapes outside of school?

None

| hour or less

2 or 3 hours

4 or 5 hours

6 hours or more

mo o w>

25. Which best describes the science course you are

taking this year?

A. lam not taking a science course this year.

B. Life science (for example, biology)

C. Physical science (for example, physics or
chemistry)

D. Earth science (for example, geology or
astronomy)

E. General science (several content areas of
science taught separately)

F. Integrated science (several content areas of
science combined and taught throughout the
year)

Questions 26-29. About how often do you do each of the
following in your science class?

26. Design your own science experiment or investigation

A. lam not taking science.

B. Once a month or more

C. Sometimes, but less than once a month
D. Never

27. Carry out the science experiment or investigation you
designed

A. lam not taking science.

B. Once a month or more

C. Sometimes, but less than once a month
D. Never

28. Write up results of the experiment or investigation you
designed

A. lam not taking science.

B. Once a month or more

C. Sometimes, but less than once a month
D. Never

29. Talk to class about the results of your experiment or
investigation

A. lam not taking science.

B. Once a month or more

C. Sometimes, but less than once a month
D. Never

Questions 30-34. If you are taking a science class this
year, about how often do you use a computer to do the
following?

30. Collect data using lab equipment that interfaces with
computers (for example, probes)

A. lam not taking science.

B. Once a month or more

C. Sometimes, but less than once a month
D. Never

31. Download data and related information from the
Internet

A. lam not taking science.

B. Once a month or more

C. Sometimes, but less than once a month
D. Never

32. Analyze data using the computer

A. lam not taking science.

B. Once a month or more

C. Sometimes, but less than once a month
D. Never

33. Use the Internet to exchange information with other
students or scientists about science experiments or
investigations

A. lam not taking science.

B. Once a month or more

C. Sometimes, but less than once a month
D. Never

34. Use computer simulations to perform experiments or
explore science topics

A. lam not taking science.

B. Once a month or more

C. Sometimes, but less than once a month
D. Never
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Appendix E: TRE Simulation Glossary, Help, and Tutorial Screens

Figure E-1. Computer screen showing the TRE Simulation glossary, grade 8: 2003

G0 minules

Amount of hellum: The number of cubic feel of hedium placed inside the balloon
before it is launched into the air.

Balloon volume: The amount of space taken up by the helium gas inside the
balloon.

Hellum: The kind of gas placed inside the balloon.

Mass: The amount of malter in something: for example, the amount of metal in a
nail

Payload: The ecientific toole camied inlo space that capture information.

Payload mass: The mass of the scientific tools the balloon carmies into space.

Sclentific used by 1o gather about space
and the atmosphere.

Volume: The amount of epace taken up by an cbject or olher subslance, like a gas.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-2. Computer screen showing the TRE Simulation Science Help topics menu, grade 8: 2003

il minustes How do different payload masses affect the
i altitude of a helium balloon?

Science Halp Topics

“What is the problem | have to solve?

Science Help

Select frrom the ISt of science help opics on

“What experiments should | run?
the left to learm more .

How marmy cxperiments should | run?
Should | make a prediction?

Should | make a table?

Should | make a graph?

‘gl variables shiould Finclude in
iy table or grapny?

How should | read the graph in
simuiation 37

“Wyhen should | draw a conclusion?

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Problem Solving in Technology-Rich Environments 111



Figure E-3. Computer screen showing help for the first TRE Simulation Science Help topic, grade 8: 2003

How do different payload masses affect the
altitude of a helium balloon?

59 minules

Science Help Topics

What is the preblem | have to solve?
What is the problem | have to solve?
) Look at the upper right part of the computer
What experiments should | run? sereen i find the probiem

How many cxperiments should | run?
Shuould | make g prediclion?

Should | make a table?

Should | make a graph?

Whial variables should | include in
my table or graph?

Humwy shiould | read Lhe graph in
simulation 37

Whien should | draw g conclusion?

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-4. Computer screen showing help for the second TRE Simulation Science Help topic, grade 8: 2003

How do different payload masses affect the
altitude of a helium balloon?

59 minutes

Science Help Topics
What experiments should | run?
‘What is the problem | have to solve?

Ask yourself if the values you experiment with

Whiat experiments should | run? SNOLIA DR CINSE INETNer A Sprean apart

Haw many experiments should | un? il yynien, experiments will give you the most

accurate and complete understanding of

Shiould | miake @ prediction? what the balloon: does?

Should | make a table?
Should | make a graph?

Whal variables should Hnclude in
my table or graph?

How shiould | read the graph in
simulation 37

Wtien should | draw a conclusion?

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-5. Computer screen showing help for the third TRE Simulation Science Help topic, grade 8: 2003

altitude of a helium balloon?

59 minutes

Science Help Topics
How many expariments should | run?

‘What is the problem | have to solve?

. ‘What can you conclude if you ran one
Whiat experiments should | run? FXPRMAMENT? HMw ANOLE W7

How many experiments should | run? Do you need to run all the experiments to

) solve the problem?
Shiould | miake @ prediction?

Think annut what yni have IRarmen ater
each experiment and decide how mary you
need to run.

Should | make a table?
Should | make a graph?

Wital variables should Hinclude in
my table or graph?

Huw shiould | read the graph in
simulation 37

Whien should | draw a conclusion?

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-6. Computer screen showing help for the fourth TRE Simulation Science Help topic, grade 8: 2003

How do different payload masses affect the
altitude of a helium balloon?

50 minutas

Science Help Topics

WHiEl is the problem | hawve o solve?

Should | make a prediction?

Defore you run an experiment, thinking about
witidl will happen W the ballvon during the
experiment can help you solve the problem.

‘What experiments should | run?
How many experiments should | run?
Should | make a prediction?

Should | make g lable?

Should | make a graph?

‘What variables should linclude in
tny table or graph?

How should | read the graph In
simulation 37

‘When should | draw a conclusion?

Altitude
(feat)

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-7. Computer screen showing help for the fifth TRE Simulation Science Help topic, grade 8: 2003

? altitude of a helium balloon?

Sclence Help Toplcs
Should | make a table?
WNEL IS the problem | have to solve'?
Making a table will let you keep track of the
experimenls you have run dand lel you see
The restlts for all of ynur expenments ar the
same time.

“What experiments should | run?
How marny experiments should | run?
Should | make a prediction?

Should | make a table?

Should | make a graph?

“What variables should | include in
rmy tahle or grapny?

How should | read the graph in
simuiaton 37

“When should | draw a conclusion?

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-8. Computer screen showing help for the sixth TRE Simulation Science Help topic, grade 8: 2003

altitude of a helium balloon?

39 minutes

Science Help Topics
Should | make a graph?
“Ahat is the problem | have to solve?
. Making a graph will let you keep track of the
*What experiments should | run? EXMIRMMENTS YNl NAVE 1N An I8 ynn sPe

the results for all of your experiments at the

i 5 ? :
How mary cxkperiments should | run? same Sime:

Should | make @ prediction?
Should | make a table?
Should | make a graph?

“Wihial variables should [include in
my table or graph?

Huw should | read Lhe graph in
simulation 37

Wihien shiould | draw @ conclusion?

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-9. Computer screen showing help for the seventh TRE Simulation Science Help topic, grade 8: 2003

59 minutes deomwm M “IQ
. altitude of a helium balloon?

Sciance Halp Topics |
What variables should | includa in my

What is the problem | have to solve? || table or graph?

What experiments sholid | run? What variables do you need to help you

sobve the problem? Include those in your

i 3 ?
How marmy cxperiments should | run table or graph.

Should | make @ prediction?
Should | make a table?
Should | make a graph?

‘gl variables shiould [include in
my table or graph?

Huw should | read Lhe graph in
simulation 37

“Wyhen should | draw a conclusion?

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-10. Computer screen showing help for the eighth TRE Simulation Science Help topic, grade 8: 2003

58 minutes | HOVI do mwmmm the
altitude of a helium balloon?

Science Halp Topics

‘What is the problem | have to solve?

How should | read the graph in simulation 37

In simulation 3. you must experiment with
What experiments should | run? nnth pAyinaAd MAss And amnunt o heim
How many experiments should | un? Let's say you have graphed balloon altitude
on the y-axis (the up and down line) against
amount of helium on the x-axds (the line going
Arrnss)

Should | make @ prediction?

Should | make a table?

For each value of payload mass you
experiment with, the graph will show you how
balloon altitude is affected by filling the
nallnan with different amaunts nf heliim

Should | make a graph?

Wal variables should Finclude in
my table or graph?

Huw shiould | read Lhe graph in
simuiation 37

“When should | draw a conclusion?

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-11. Computer screen showing help for the ninth TRE Simulation Science Help topic, grade 8: 2003

How do different payload masses affect the
altitude of a helium balloon?

58 minutes

Science Help Topics
Whaen should | draw a conclusion?
‘What is the problem | have to solve?

Do you have enough evidence to draw

What experiments should | run? rnmplete CcORCIISIANG A0NUT e pronlem?

How many experiments should | run? If you think you do, try drawing conclusions.
Shiould | miake @ prediction?
Should | make a table?

Should | make a graph?

Whal variables should Hnclude in
my table or graph?

How shiould | read the graph in
simulation 37

Whien should | draw a conclusion?

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-12. Computer screen showing the TRE Simulation Computer Help topics menu, grade 8: 2003

How do different payload masses affect the
altitude of a helium balloon?

58 minules

Computer Help Topics I

LIRSIRING YL EXPRAMENT

Computer Help

Select from the list of help topics on the left

Running your experment $a kA more -

Interpreting results

Reading he Instrument Panel

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-13. Computer screen showing help for the first TRE Simulation Computer Help topic, grade 8: 2003

58 minutes HWdD mﬂt Wfﬂm affect ".‘
: ] altitude of a helium balloon?

| Help Topics

Liesigning your expeniment
Running your experiment
Interpreting results

Reading the Inslrument Pangl

Designing your experiment

Lise these huttons to:

Choosc the values for your
experiment.

Make a prediction about
what you think will happen
when you run the
Experiment

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-14. Computer screen showing help for the second TRE Simulation Computer Help topic, grade 8: 2003

Howdo_ puyloudmmuaﬂmﬂn
altitude of a helium balloon?

58 minutes

| Help Topics

Liesigring your expenment

Running your experiment

Lise this button to:

Running your experiment .
Run an experiment.

Interpreting results

Reading the Instrumenl Panel

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-15. Computer screen showing help for the third TRE Simulation Computer Help topic, grade 8: 2003

57 minutes

j Computer Help

Help Top
Designing your experiment
Rurnning your experimernl

Interpreting results

Rearing the Insfrument Panel

altitude of a helium balloon?

Interpreting results

Use these buttons to:

Create a table listing the
resulls of your expermernts,

Create a graph displaying the
results of your cxperiments.

Explain the solution L Lhe
problem based on the results of
your experiments.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-16. Computer screen showing help for the first part of the fourth TRE Simulation Computer Help topic, grade 8: 2003

How do different payload masses affect the
altitude of a helium balloon?

57 minutes

e
Help Topics

Designing your cxperiment

Reading the instrument panel

The pancl displays indicate the following:

Runnin ur experiment
ik The altitude the balloon

Interpreting results reaches ouring an experiment

Reading the Instrument Panel

The final volume the halloon
reaches during an experiment.

) The time it takes the balloon
tn reach its inal Ainre
during an experiment.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-17. Computer screen showing help for the second part of the fourth TRE Simulation Computer Help topic, grade 8: 2003

57 minutes

Liesigning your experment
Running your experiment
Interpreting results

Reading Lhe Instrument Panel

altitude of a helium balloon?

Reading the instrument panel

Ihe panel dispiays INdicate the following:

The mass of the payload
lifled by Lhie balloon fur @n
experment.

The amount of helium inside
the balloon for an
experiment. This is alsa the
initial vulurne of Lthe balloon.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-18. TRE Simulation tutorial screen 1 showing the problem to be solved, grade 8: 2003

60 minutes

This screen shows the simulation tool
you will be using to solve the problem.

You can see the problem at the top of
the screen.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-19. TRE Simulation tutorial screen 2 showing the task bar for solving the problem, grade 8: 2003

G0 minutes

To solve the problem, you will need to
design experiments, run them, and

interpret results. You can use these
buttons to do that.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-20. TRE Simulation tutorial screen 3 showing the experiment display window, grade 8: 2003

39 minutes

Your experiments will run in this
window.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-21. TRE Simulation tutorial screen 4 showing the instrument panel to show data, grade 8: 2003

59 minutes

The results of each experiment are
shown in the instrument panel.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-22. TRE Simulation tutorial screen 5 showing the Glossary tool button, grade 8: 2003

59 minutes

You can click on the Glossary button to
look up definitions of words you may

not know.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-23. TRE Simulation tutorial screen 6 showing the Science and Computer Help tool buttons, grade 8: 2003

How do different payload masses affect the
altitude of a helium balloon?

58 minutes

You can use these buttons to get help
with the computer or with your

scientific thinking.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-24. TRE Simulation tutorial screen 7 showing the Choose Values (for experiments) button, grade 8: 2003

58 minutes

To design an experiment, you need to
choose values. Click on that button

now.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-25. TRE Simulation tutorial screen 8 showing the payload mass menu, grade 8: 2003

58 minutes

To run your experiment you must select
a payload mass. Select one now, then
click on OK.

] Design Experiment - C

O 101bs.
O 201bs.
QO 301bs.
O 40 Ibs.
) 50 Ihs.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-26. TRE Simulation tutorial screen 9 showing the Make Prediction button, grade 8: 2003

How do different payload masses affect the
altitude of a helium balloon?

58 minutes

You can predict what you think will
happen in an experiment you are about
to run.

To see how to do this, click on the
MAKE PREDICTION button now.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-27. TRE Simulation tutorial screen 10 showing the Make Prediction question and response choices, grade 8: 2003

57 minutes

Which of the following will likely happen to the balloon?
Make a prediction by answering this O T think the balloon will rise to a lower altitude

question and then clicking on OK. For than in my last experiment.
now. choose "I don't know."” O I think the balloon will rise to a higher altitude
. ' than in my last experiment.

Once you have run one experiment, you | O I think the balloon will rise to the same altitude
will be able to compare what you think as in my last experiment .

will happen in your new experiment to O T don't know.
the results of your last experiment.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-28. TRE Simulation tutorial screen 11 showing the Try It button for running an experiment, grade 8: 2003

57 minules

To run your experiment, click on TRY
IT. Watch the balloon and the changing

displays on the instrument panel
underneath. Compare what happens to
what you predicted would happen.

Click on TRY IT now.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-29. TRE Simulation tutorial screen 12 showing the instrument panel in detail, grade 8: 2003

37 minutes

Notice that the instrument panel shows
the payload mass you chose and the

amount of helium in the balloon.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-30. TRE Simulation tutorial screen 13 showing the instrument panel in detail, grade 8: 2003

56 minutes

The instrument panel also shows the
results of your experiment including:

s the altitude reached by the balloon,
¢ the final volume of the balloon,

« and the time the balloon took to reach
its final altitude.

NOTE: TRE = Technology-Rich Environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-31. TRE Simulation tutorial screen 14 showing the buttons for making tables and graphs, grade 8: 2003

56 minules

You can organize the results of your
experiments at any time by clicking on

the MAKE TABLE and MAKE GRAPH
buttons.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

140 Problem Solving in Technology-Rich Environments



Figure E-32. TRE Simulation tutorial screen 15 showing the button for drawing conclusions, grade 8: 2003

56 minutes

When you have collected enough data to
solve the problem, you can click on the

DRAW CONCLUSION button.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-33. TRE Simulation tutorial screen 16 showing the problem to be solved, grade 8: 2003

56 minutes

You are now ready to solve the problem on
your own.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure E-34. TRE Simulation tutorial screen 17 showing entry into the Simulation scenario, grade 8: 2003

55 minutes

You are now ready to solve the problem on
your own.

If you are confused, click on Science Help,

Computer Help, or Glossary.

As you work, think carefully about how
many experiments you need fo do to solve
the problem.

Click "Next" to read the task directions for
Problem 1.

NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Problem Solving in Technology-Rich Environments 143



Appendix F: Bayesian Estimation in the Problem Solving in Technology-Rich Environments

Study

Introduction

The Problem Solving in Technology-Rich Environ-
ments (TRE) study incorporates several design fea-
tures that are not found in standard NAEP analysis.
These features include

® an a priori hypothesized structure of the relation-
ship among the set of latent proficiency variables,

* the potential to accommodate multivariate items
(i.e., items that measure more than one latent
proficiency), and

¢ inclusion of context effects; items sharing a con-
text are related to each other more strongly than
to other items.

All three of these features are beyond the scope of
measurement models used in operational NAEP. Op-
erational NAEP employs a univariate Item Response
Theory (IRT) model that uses a simple structure, i.e.,
each item measures only one latent proficiency. Since
the IRT model is univariate, there can be no struc-
tural relations among latent proficiencies, there can
be no item that measures more than one proficiency,
and there can be no context effect in addition to the
latent proficiency.

This appendix outlines the cognitive models
that were used in the TRE study. (The term, cogni-
tive model, is used here to refer to the union of the
student and evidence models described in chapter
2 of this report.) These are represented by directed
graphs showing latent proficiency, observable, and
context variables, with arrows showing direction
of influence. Note that two scenarios, or separate
computer tasks, were delivered. One was the Search
scenario, in which students used a simulated web
search to answer questions about scientific balloons.
They conducted searches, gathered information, and
then summarized results. The second scenario was
Simulation. In this activity, students used a simulation
tool to conduct a series of experiments in order to
discover relationships among variables related to the
physics of balloon behavior in the atmosphere.

This appendix also presents the Bayesian models
used to analyze the data and estimate item parameters.

These consist of the IRT model for items; the struc-
tural model for representing relationships among

the latent proficiencies; the conditioning model,
which describes the structured prior distribution of
the latent problem-solving in TRE proficiency; and
finally the population model for deriving estimates of
population means, percents, and associated standard
€rrors.

Finally, this appendix discusses the construction of
a real-time inference engine for the Search scenario.
Model parameters estimated from the Bayesian IRT
analysis are imported as fixed quantities into an infer-
ence engine (ERGO 2001 by Noetic Systems, Inc.),
enabling sensitivity testing of the model and scoring
of student responses. Profiles of proficiencies can
be selected to see what response probabilities of
the observables will result. Also, a vector of observed
responses can be selected, and the resulting profi-
ciency scores can be estimated. The inference engine
can also be used as a stand-alone application to get
real-time estimates of proficiency as an examinee
responds to the assessment. This aspect of the Bayesian
inference engine demonstrates the feasibility of using
a computer to assess and immediately provide profi-
ciency estimates over the Web.

The Cognitive Models

Two somewhat different cognitive models were fitted
to the two TRE scenarios. First, consider the directed
graph in figure F-1, which depicts the relationships
among variables for the Search scenario. Two classes
of variables are shown. To the left are latent profi-
ciencies, and to the right are observables, represent-
ing observed scores on performance tasks.

This discussion of latent proficiencies follows cus-
tomary usage in calling precursor variables “parents”
and other latent variables “children” (to avoid use of
causal language). In this model, the parent profi-
ciency is problem solving in technology-rich environ-
ments (PS-TRE), which has computer skills and scien-
tific inquiry skill as resultant or “child” proficiencies.
Arrows between the latent skills indicate the direction
of influence.!

I'Note that scientific inquiry skill was originally proposed as having two component skills: scientific inquiry exploration skill and scientific
inquiry synthesis skill. With the Search scenario, it was found that there were too few observables to reliably measure these constructs. As a
result, they were combined into a single scientific inquiry proficiency in the final model.

144 Problem Solving in Technology-Rich Environments



To the right of figure F-1 are observables. These skill contributes to a student’s propensity to respond
are summaries of observed behaviors that can be correctly to observables requiring computer-related
mapped onto several levels of partial credit (from abilities such as keyboarding, using menus correctly,
two to four levels). The probability that a student will and not needing to use the help function. Similarly,
score at a specific level is a function of that student’s scientific inquiry skill contributes to a student’s
latent skill. The nature of this function is defined by propensity to explore content and draw conclusions
an IRT model. According to the model, computer about scientific questions correctly.

Figure F-1. The TRE Search cognitive model, grade 8: 2003

Latent Proficiency Variables Observables

Computer Skills

PS-TRE

Scientific Inquiry Skill

S5
S11

NOTE: PS-TRE = Problem solving in technology-rich environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure F-2 shows the directed graph depicting a
structural (or student) model for the latent profi-
ciencies in the Simulation scenario. In this model,
PS-TRE is the parent of three other latent skills: com-
puter skills, scientific inquiry exploration skill, and
scientific inquiry synthesis skill. These latter three
are proficiencies that contribute to the propensity to
respond correctly to observables.?

Figure F-3 shows the cognitive model for the
Simulation scenario. The variables on the left, PS-TRE,
computer skills, scientific inquiry exploration skill, and
scientific inquiry synthesis skill, are latent proficien-
cies. These are the direct precursors of observables,
which are found in the middle of the diagram. Each
observable measured (was the child of) just one latent
proficiency. This simple structure was confirmed to fit
the data best. On the far right of figure F-3 are three

other latent variables, which define the effect of con-
text.

The three context effects correspond to the three
Simulation problems in the scenario. The context
variables represent any knowledge, skill, or other fac-
tor that is specific to one Simulation task but not an-
other. Students with a higher level of task-specific skill
will tend to do better on all the items in the task. As a
result, items sharing a common task tend to be more
highly correlated than items in different tasks. The
context effect can be thought of as controlling for
a type of nuisance variation. With context effects in
the model, conditional independence of observables,
given a student’s latent skills, holds. The assumption
of conditional independence is a basic tenet of any
explanatory model. This assumption also underlies
all conventional IRT estimation.

Figure F-2. Student model for TRE Simulation scenario, grade 8: 2003

PS-TRE

O

Computer Skills

O

Scientific Inquiry Exploration Skill

O

Scientific Inquiry Synthesis Skill

NOTE: PS-TRE = Problem solving in technology-rich environments.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

2 Unlike the Search scenario, Simulation had a sufficient number of observables to reliably measure exploration and synthesis as separate
skills. However, scientific inquiry skill was dropped as a precursor to the latter two proficiencies, because scientific inquiry skill was not reli-

ably measured by its component skills.
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Figure F-3. Cognitive model for TRE Simulation scenario, grade 8: 2003

Student Model Variables Observables Context

A5 A6

Context A

PS-TRE .

Context B

P

() a3 \\
Scientific Inquiry . \.
Synthesis Skill . Context C
@,

GEN-MC 3

NOTE: PS-TRE = Problem solving in technology-rich environments. GEN-MC = Synthesizing multiple-choice items.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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General Description of the Bayesian Model

The previous section gave an outline of the cognitive
model behind this analysis. This section presents a
detailed description of the models used to analyze
data and estimate item parameters.

Item Response Model

In the TRE study, the item-category responses (i.e.,
the probability of responding correctly to a category
of an observable) are modeled as dichotomous item
responses. In the Simulation scenario, a student’s
behavior on an observable is influenced by a latent
proficiency skill (student model variable) and a con-
text effect. As a result, the item response is multivari-
ate in form. In the present form, this is a compensa-
tory model, with equal slopes for @ij , the value for a

student on the latent proficiency, and @, , the value
for a student on the latent context effect. This model
is compensatory in that the two latent variables have
an additive effect on item response. Other types of
relationships (e.g., disjunctive) could have been
modeled to represent different sorts of relationships

between the latent variables (Almond et al. 2001).

For observables with a dichotomous response (i.e.,
that can either be correct or incorrect), the multivari-
ate item response takes the form

1
(x; =1]a,,b,0,,®, ) =
Py =1]a;,b,0; ) 1+exp[-K*a,(©, +®,, —b,)] (1)

where

K is a scaling constant,

Py is the probability of student i correctly
~ responding to item j,

®. is the value of student i on the parent
proficiency j,

@. isthe value of student i on latent context
effect m,

a. is the slope of the item response function
for item j, and

b, is the difficulty of the item response function
for item j.
The probability of responding incorrectly to the
observable is the complement of success, 1-p; .

As previously explained, the context effect repre-
sents the correlation among responses to observables
having a common context. In the Simulation scenario,
there are three problems of increasing complex-
ity. Each problem forms a context. Any task-specific
skills contribute to a latent context propensity in the
student. This parameterization of the context effect
follows the item cluster effect model of Scott and Ip
(2002). In the Bayesian IRT model, the context effect
has prior

q)im ~ N(Oﬂrm)

for task m. The precision of the context is given a
gamma prior:

. Gamma(.01,.01).
Tl’l’l

Gelman and colleagues (1995) point out thata
gamma distribution with parameter values approach-
ing zero constitutes a noninformative prior. In this
case, the sampled values would be very dispersed,
approaching a uniform distribution.

For observables with polytomous responses, i.e.,
that can be responded to in two or more categories of
partial credit, the item response is more complicated.
The probability of responding to each category of
partial credit, or higher, is modeled as a compensa-
tory multivariate item response as above, but with
an additional item-category parameter, d,, for item
j and category k. Since the probability is for a given
category, or higher, it is referred to here as p®™ Such

a formulation follows Samejima (1969).

1

(. = K| a;,b,, O
Py =kah, I+ explK*a (0,9, —b—dy)] (%)

q)im) =

ij>

where pf ;u: is the probability of responding in cat-
egories k, k+1, ...Q, where Q is the highest category
of partial credit.
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Although these parameters will be estimated by
Bayesian techniques using a Markov Chain Monte
Carlo (MCMC) algorithm, constraints to assure iden-
tifiability of item-category parameters were employed.
This was accomplished by stipulating that the item-
category associate% with the first category, d j0> 18
zero, and setting Zdjm =0. In practice, only a single
item category pargﬁleter was estimated. For three-cat-
egory items, d;; had a positive prior, N(1,1000), and
dy= - d,. For four-category items, d;~ N(1,1000),
dy=0and dg=-d,. The positive prior means that d,
will likely be associated with more difficult levels of
item response.

Since the response probabilities are cumulative in
that they are the probability of responding in catego-
ry k or higher, the item-category probabilities (except

for the last one) must be calculated by subtraction:

cum

Pijo =1=pij

cum cum

bPiii = Pij1 —Pijo2

cum

Pijo = Pijq

Determining the Scale of the Latent Proficiencies

The scale of the latent proficiencies is indeterminate.
This indeterminacy can be resolved in a Bayesian
model either by specifying strong informative priors
or by constraining the item parameters. The latter
course was taken. The scale for each of the measured
latent proficiencies was determined by setting the
following constraints on the item parameters corre-
sponding to the observables that measure that scale:

Tp

ijp =0

Jj=1

where Jp is the number of items in proficiency p, and
bjp is the difficulty parameter for item j in proficiency
p; and

J

»

where a is the slope associated with item j in
proficiency p.

Structural Equation Model

There is a network of relations among the student
model variables. These structural relations are mod-
eled as simple linear regressions:
hild
©"" =B, + B *OM"" +¢

with, (3)
VAR(e,) =0

child-parent

In the Simulation scenario, for example, these
describe how PS-TRE influences computer skills, how
PS-TRE influences scientific inquiry exploration skill,
and how PS-TRE influences scientific inquiry synthe-
sis skill.

Because of the complexity of the overall model,
the structural equations were constrained to a limit-
ing case with slopes fixed to 1.0. An informative prior
was set for B, , at N(0,1). Finally, Var(¢) was set to 1.0,
as a way to control the overall variance of the profi-
ciency estimates.
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Structured Prior for the Summary Proficiency,
Problem Solving in Technology-Rich Environments

With all NAEP assessments, the average number of
items measuring each subproficiency for an exam-
inee is small. Such sparseness of measurement can
lead to biased estimates of group quantities. A way to
remedy this problem is to use auxiliary information
related to an examinee’s ability in the estimation of
group means and percents. This is accomplished by
regressing latent proficiency scores on student back-
ground information. In operational NAEP, a Bayesian
estimation procedure is employed in which item re-
sponse information is combined with student back-
ground information to get posterior distributions

of proficiency for each examinee (Mislevy 1991). In
the present application, background information

is introduced by defining a structured prior on the
unmeasured summary proficiency, PS-TRE.

Auxiliary information is introduced by assuming
that an examinee’s prior ability is structured (i.e., de-
rived from a regression of proficiency on background
variables),

PS-TRE, ~ N(I'y,,c°), (4)

where y; is a vector of background variables for exam-

inee i, I' is a vector of regression effects, and ol is

a common variance for all examinees. In the present
application, there are 10 categorical background
variables that are recoded into 21 dummy variables.
These variables consist of gender, race/ethnicity,
whether the student had disabilities or was an English
language learner, whether the scenario was admin-
istered to the student on a laptop computer, prior
computer knowledge level, and socioeconomic status
(SES), including parents’ education level, number of
reading-related materials in the home, whether the
student was eligible for free/reduced-price school
Iunch, and whether the student was in the Title I
program.

In order to control the contribution to proficiency
variance made by the structured prior, two condi-
tions were imposed. First, regression parameters were
given informative priors with high precision,

T ~N(,D), (5)
for regression weight p (p =1 to 21). Next, the
predictors, y,, b standardized and weighted by
approximately 77 (the square root of the inverse
of the number of predictors), so that the variance
would not increase as the number of predictors
increased. The R-squares of the conditioning models
for the Search and Simulation scenarios were modest,
between .34 and .41, but within the range of opera-

tional NAEP assessments.

In the present application, regression parameters,
variance components, and the prior proficiency dis-
tribution of PS-TRE are estimated by using an MCMC
algorithm, in which all model parameters are jointly
estimated, conditional on the data. A general outline
of the MCMC algorithm will be given in the next
section.

General Description of MCMC Estimation
Techniques

In operational NAEP procedures, item parameters
are estimated using a marginal maximum likelihood
approach (Muraki and Bock 1997). Multivariate
proficiencies with a structured prior distribution

are estimated in a conditioning phase in which item
parameters in the first phase are introduced as fixed
parameters (Mislevy 1991). In TRE, an MCMC algo-
rithm to estimate all parameters simultaneously was
employed. For item parameter estimates, the MCMC
approach has been shown to produce point esti-
mates and standard errors that are similar to those in
operational NAEP estimates (Patz and Junker 1999).
Further, if the scope is extended to include item
parameters, conditioning parameters, and sampling
variances, MCMC estimation produces results similar
to those produced by operational NAEP techniques,
when models are parallel (Johnson and Jenkins
2005). In the present research, MCMC estimation

is applied to a model that is unlike an operational
NAEP model in several key aspects (e.g., multivariate
items and structured relationships among latent pro-
ficiencies). Also, unlike that in Johnson and Jenkins,
the present model does not incorporate estimates of
sampling variances. These are estimated by a separate
jackknife procedure, which is an approach similar to
that of Scott and Ip (2002).
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A Markov chain is a sequence of random variables,

142 T

W ) W 900y \|I 9 .
such that the probability of observing Y is the tran-
sition probability,

p(y' [y ™. (6)

So \|,(t depends only on the previous state of the
chain.

Under certain regularity conditions (Tierney
1994, section 3.1), the Markov chain converges to a
stationary distribution (i.e., is invariant over time 7).
The general idea behind MCMC estimation is to set
up a chain, which converges to a stationary distribu-
tion that equals the joint conditional distribution of
model parameters, given data:

p(V | X).

The procedure for deriving statistical estimates
from a Markov chain is the following: Simulate a
series of “burn in” observations from the chain until
itis judged that the chain has converged to its station-
ary distribution,

-M -(M-1 0
y Moy ™y

The Gelman-Rubin diagnostic gives one test for
convergence (Gelman and Rubin 1992). The M itera-
tions till convergence are called “burn in iterations.”
For the burn-in phase, 5000 iterations were required.
These were then tested for convergence.

After convergence, a series of T further observa-
tions are drawn from the joint distribution of the
model parameters:

14,2 T
vty
Typically, between 5,000 and 10,000 samples of
each parameter were drawn from the joint posterior.

Point estimates of model parameters are calculated
from sample averages:

A 1< ,
wp=¥§,wp, (7)

where T is the number of MCMC iterations.

This procedure would yield a point estimate of pa-
rameter p, such as an item difficulty or the proficien-
cy score for examinee i. However, for more complex
parameters, such as “percent above achievement-level
cut-point K,” estimates are averages of functions of
parameters:

Q=Zﬂ%>

1SS
_¥§ﬁgl(®i)’ N

where 1(©)), is an indicator of whether proficiency

© for examinee i is at or above achievement-level cut-
score K, and N is the sample size.

It is often difficult to simulate multivariate draws
from the joint conditional distribution. A way to
simplify the process is to take univariate draws from
a distribution conditional on the data and all other
model parameters. This has been shown to approxi-
mate draws from the joint posterior distribution
(Geman and Geman 1984). By this approach, one

draw of the parameters at iteration t, l|!t , would
consist of P univariate draws, each draw conditioned
on the data and the rest of the parameters. If a set of

parameters is symbolized by {2, then the sequential

set of draws for iteration t is described by:
t+1

v~ (v | X?Wieﬂ)

t+1

vy~ Ty, | X ,0)

t+1

Y, ~ 7"-(WP | Xaw;zg)

where T(*|*) is the stationary distribution of a

.
parameter, and Y ,.q is the most current vector of
parameters with parameter p excluded.

The MCMC simulating package BUGS (Spiegel-
halter et al. 2004) was used to get Bayesian estimates
of parameters. When posterior distributions can be
explicitly defined, BUGS uses a Gibbs sampler. When
posterior distributions of a particular parameter are
not explicitly available, it uses two types of approxi-
mation for the univariate draw: Metropolis Hastings
(Metropolis et al. 1953) and slice sampling (Neal
2003). In the present research, BUGS employed all
three types of sampling.
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Estimation of Population Parameters

Point estimates for most model parameters (e.g., item
parameters and regression coefficients) were calcu-
lated from MCMC sample averages as described in
equation 7. However, for estimates of mean proficien-
cies of student groups and their associated standard
errors, approximation procedures from operational
NAEP were employed.

Plausible Values of Latent Proficiencies

Plausible values consist of a set of M independent
draws from each examinee’s posterior proficiency
distribution. With MCMC estimation, drawing plau-
sible values consists of systematically selecting 5 values
from the thousands of MCMC draws, taking care that
each draw has a minimum of 50 draws between them.
Equation 6 implies that each MCMC draw is depen-
dent on the previous draw. As a result, the MCMC
series of parameter draws are autocorrelated. Diag-
nostics indicated that it took about 25 to 50 draws for
the autocorrelation to fall to zero. In practice, the 5
independent draws were separated by several hun-
dred iterations. Following NAEP terminology, these

5 independent draws will be called plausible values
(Allen, Carlson, and Zelenak 1999, section 12.3.3).

Calculating Student Group Means

The Bayesian model did not contain a model for

the population. Such a model would have to include
proficiency distributions corresponding to all primary
sampling units and schools in the sampling frame.
This would have been impractical for the present
analysis. As a result, sampling weights are used to ap-
proximate population estimates.

The targets of reporting are student group means
and standard errors. Student group means are cal-
culated on each of the 5 plausible values and then
averaged:

. 1

Mg = N_zwiPI/ki’
G ieG 9)

where MG s the estimated population mean of stu-

dent group G, for the k' set of plausible values,

w, is a sampling weight for examinee I, N, is the
weighted size (sum of sample weights) of student
group G, and PV, is the plausible value k for
examinee i.

Point estimates are averages over plausible values
(Allen, Carlson, and Zelenak 1999, section 12.4.1),

1 M
Ue = ﬁ Z WG
k=1 (10)
where M is the number of plausible values (which is 5
in this application).

Estimating Standard Errors

Measurement variance

Measurement variance is the variance across plau-
sible values of the target statistic. The first step in

the procedure is to calculate ¢, a sample statistic,
based on the m™ plausible value. It is equal to either
a student group mean or a student group percent
above achievement level. The variance over plausible
values is:

oy
Ug = M1 ;(lg —15 )’ (11)

where U, is the measurement variance, tg is the
value of the statistic over all examinees in group G

for plausible value m, and I is the mean value of the
statistic averaged over plausible values.

Sampling variance

The procedure used to estimate sampling variance
followed operational NAEP procedures. Typically,
schools are grouped into 2P primary sampling units
(PSUs). These are stratified into P pairs of PSUs,
where the PSUs within a pair are similar on various
SES measures. The procedure of the jackknife is to
work through the P pairs one by one. Each time a
PSU pair is selected, a single PSU is dropped from
the pair, the data are suitably reweighted, and an esti-
mated sample statistic (called a pseudoestimate), tg s
is calculated on the remaining sample. In the present
case, this statistic is a group mean. This process is
followed till a series of P sample statistics is estimated,

1 2 P . . .
t;51G5---» I - The sampling variance is calculated as

P
Vo=t —1;)", (12)
p=l1

where [ is the average statistic over P pseudoestimates.

Note that the proper estimate of V,,is the average
of the estimate calculated over the k set of plausible
values. Practice in NAEP has shown that using an
estimate based on one plausible value is sufficiently
accurate.
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Standard errors

The total variance of a sample statistic is a weighted
combination of measurement and sampling variances
(Mislevy 1991). As a result, the standard error for a
sample statistic for group Gis

1
SE, :\/VG +(1+ﬁ)UG, (13)

where M is the number of plausible values (Allen,
Carlson, and Zelenak 1999, section 12.4.1).

Creation of a Real-Time Inference Engine
for the Search Scenario

As part of the demonstration of the feasibility of
delivering an assessment that uses the full potential
of the computer, a Bayesian inference engine for the
Search scenario was developed. A Bayesian inference
engine is a system of variables like those depicted in
figures F-1 and F-3. It is assumed that beliefs about
the system, i.e., the conditional probability of any
variable given the values of any precursor (parent)
variables, can be defined. These conditional prob-
abilities may come from the judgments of experts or
from parameters estimated from the Bayesian analysis
of data (as is the case with the present research). The
goal of using an inference engine is to be able to
estimate the probability distribution of any variable in
the system given the observed or hypothesized value
of any other variables in the system. On one hand,
there is interest in being able to score an examinee;
that is, given that a certain pattern of responses on
the observables is obtained, it is desirable to estimate
the distribution of the latent variables. On the other
hand, there might be interest, given a certain profile
of scores on the latent variables, in gauging the sen-
sitivity of the model by estimating the probability of
responding correctly on the observables.

Estimating probabilities in an inference engine
is not straightforward. This is because often some
variables in a network are not conditionally indepen-
dent. As a result, information about observed values
of variables may be redundantly accounted for when
updating the system. To avoid such overcounting of
evidence, a Bayes net has to be transformed into a
structure that can propagate information throughout
the network without redundancy. To accomplish this,
a directed graph (such as the ones in figures F-1 and
F-3) and conditional probabilities are translated into
a linear inference tree, or clique tree. For details, see

Lauritzen and Spiegelhalter (1988) and Pearl (1988).
To make calculations in such a system tractable, all
variables have to be defined as categorical. A pro-
gram package called ERGO (Noetic Systems, Inc.
2001) automatically accomplishes the task of compil-
ing a Bayes net into a linear inference tree.

There were several steps in defining an infer-
ence engine from the results of the Bayesian MCMC
analysis.

1. Point estimates for all model parameters had to be
extracted from the MCMC estimation.

2. The estimated sample distributions of the latent
proficiency variables had to be made discrete. This
was done by partitioning the distribution into 15
equal-probability regions. The values associated
with these were the inverse normal probability
functions of the midpoints.

3. Conditional probability tables that represent
the relationship between the variables had to be
constructed. The structural relations between
latent proficiencies are represented with a normal
translation model (Almond forthcoming), where
the discrete values of the child variable are a linear
function of the parent variable. This representa-
tion reflects the structural regression estimated in
the MCMC phase. For the observables, the condi-
tional probabilities of each observable are a func-
tion of the parent latent proficiency. This proce-
dure employs an IRT model using item parameters
from the Bayesian estimation.

4. The conditional probability tables were then im-
ported into the ERGO program and compiled into
a linear inference tree.

With the inference engine, it was possible to input
profiles of latent proficiencies and see what prob-
abilities of response resulted for the observables. For
example, if a high level of computer skills was stipu-
lated, there should be a high probability of a high
score on all of the computer observables.

The inference engine was confirmed with the
MCMC algorithm. This was done in the follow-
ing way. The data were augmented by a few dozen
dummy cases which had profiles of latent proficien-
cies fixed. This data set, which included some 1,100
real cases, was input into a run of the MCMC estima-
tion program.? Average response probabilities of
the observables corresponding to the dummy cases
were then estimated. In a parallel analysis, the same
profiles of latent proficiencies were input into the

3 The n of ~1,100 was the number of students responding to the TRE Search scenario. This sample size was based on the minimum
assumed for scaling in main NAEP and for detecting mean differences among reporting groups of interest.
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inference engine, and the resulting response prob-
abilities for observables were noted. It was found that
the response probabilities derived from the MCMC
algorithm almost exactly matched with those derived
from the inference engine.

The ultimate utility of such a Bayes net would be
to score results immediately from a computer-deliv-
ered assessment. It could also be part of a tailored
test, in which the interim proficiency estimates would

be used as a basis for deciding how to branch the as-
sessment to more or less challenging activities.

In the current research, the inference engine pro-
vided a proof of concept for an approach to Bayesian
IRT estimation. In an assessment using an inference
engine, the model to estimate parameters from data
could involve continuous latent-proficiency variables.
It has been demonstrated that parameters from such
a model can be translated into a discrete system.
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Appendix G: C-rater Rules for Scoring Students’ Search Queries

Terms are assigned to the following seven categories: Scoring rules (numbers represent categories):
1. Comparative terms: better, advantages, disadvan- SCORE = 2
tages, prefer, more, over, worse 1. 1&3&4
2. Relevant terms: weather, atmosphere, space, 2. 1&2&7
outer space, cost, helium, science, scientist, as- 3 1&38&7
tronomer, astronomy, astrophysics, NASA, study, 4 985
research, explore, learn, experiment ’
. 5, 3&5
3. Tool terms: satellite, rocket, telescope, space
shuttle 6. 6
4. Weak balloon terms: balloon, air balloon, hot air 7. 2&3&4
balloon 8. 4 & 2 (atleast two from 2)
5. Good balloon terms: gas balloon, helium balloon, 9. 4 & 3 (atleast two from 3)
helium gas balloon, weather balloon SCORE =1
6. Special balloon terms: scientific balloon, scientific 10. 2&3
gas balloon, scientific helium balloon, super 11. 2&4
pressure balloon, long duration balloon, zero 129, 3&4
pressure balloon )
7. Explore terms: study, research, explore, learn, 3.5
experiment SCORE = 0 if no rules are met.
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Appendix H: TRE Search and Simulation Scale Scores and Percentiles by Student Reporting
Groups for Scales on Which Statistically Significant Group Differences Were

Observed

Figure H-1. TRE Search total score distribution, by race/ethnicity, grade 8: 2003

250

—&— WHITE
——BLACK
—&— HISPANIC

200 - 90TH
NOTE: TRE = Technology-Rich

75TH 90TH Environments. Results are
90TH shown for three mutually
MEAN € 50TH 75TH exclusive race/ethnicity
150 A 75TH categories. Black includes
25TH MEAN A 50TH African American, and
Hispanic includes Latino. Race
10TH MEAN [ 50TH 25TH categories exclude Hispanic
origin unless specified.
100 - 25TH 10TH SOURCE: U.S. Department
of Education, Institute of
Education Sciences, National
Center for Education Statistics,
10TH National Assessment of
50 1 Educational Progress (NAEP),
2003 Problem Solving in
Technology-Rich Environments
Study.

TRE total score

Percentiles

Figure H-2. TRE Search scientific inquiry skill score distribution, by race/ethnicity, grade 8: 2003
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Figure H-3. TRE Search computer skills score distribution, by race/ethnicity, grade 8: 2003
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Figure H-4. TRE Search total score distribution, by student-reported parents’ highest education level, grade 8: 2003
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Figure H-5. TRE Search scientific inquiry skill score distribution, by student-reported parents’ highest education level,
grade 8: 2003
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Figure H-6. TRE Search computer skills score distribution, by student-reported parents’ highest education level, grade 8: 2003
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Figure H-7. TRE Search total score distribution, by eligibility for free or reduced-price school lunch, grade 8: 2003
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Figure H-8. TRE Search scientific inquiry skill score distribution, by eligibility for free or reduced-price school lunch, grade 8:
2003
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Figure H-9. TRE Search computer skills score distribution, by eligibility for free or reduced-price school lunch, grade 8: 2003

250

——NOT ELIGIBLE
—l— REDUCED-PRICE
—&— FREE LUNCH

200 90TH
90TH NOTE: TRE = Technology-Rich

75TH 90TH Environmer.lts. Eligibility for free or
75TH reduced-price lunch was based on
MEAN © 50TH 75TH school-reported information. For
150 + MEAN 1 50TH details about eligibility requirements,
25TH see Eligibility for Free/Reduced-Price
25TH MEAN 50T School Lunch in Appendix K. Results
10TH are not shown for students whose
25TH eligibility status for free or reduced-
10TH

100 price lunch was not available.
l 10TH

TRE total score

SOURCE: U.S. Department of
Education, Institute of Education
Sciences, National Center for
Education Statistics, National

50 Assessment of Educational Progress
(NAEP), 2003 Problem Solving in
Technology-Rich Environments Study.

Percentiles

Figure H-10. TRE Simulation total score distribution, by race/ethnicity, grade 8: 2003
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Figure H-11. TRE Simulation scientific exploration skill score distribution, by race/ethnicity, grade 8: 2003
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Figure H-12. TRE Simulation scientific synthesis score distribution, by race/ethnicity, grade 8: 2003
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Figure H-13. TRE Simulation computer skills score distribution, by race/ethnicity, grade 8: 2003
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Figure H-14. TRE Simulation total score distribution, by student-reported parents’ highest education level, grade 8: 2003

250
—&—DID NOT FINISH H.S.
—— GRADUATED H.S.
—&— SOME ED AFTER H.S.
200 | 90TH —@— GRADUATED COLLEGE
90TH 90TH 75TH
- NOTE: TRE = Technology-Rich Environments.
90TH 75TH SOURCE: U.S. Department of Education,
0 MEAN 50MH Institute of Education Sciences, National
@ 150 - 75TH MEAN MEAN 50TH Center for Education Statistics, National
8 50TH 25TH Assessment of Educational Progress (NAEP),
s VEAN 25T 2003 Problem Solving in Technology-Rich
2 50TH 25TH 10TH Environments Study.
= 10TH
= 100 I5TH TOTH
10TH
50 -
0
Percentiles

162 Problem Solving in Technology-Rich Environments



Figure H-15. TRE Simulation scientific exploration skill score distribution, by student-reported parents’ highest education level,
grade 8: 2003
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Figure H-16. TRE Simulation scientific synthesis score distribution, by student-reported parents’ highest education level,
grade 8: 2003
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Figure H-17. TRE Simulation computer skills score distribution, by student-reported parents’ highest education level,
grade 8: 2003.
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Figure H-18. TRE Simulation total score distribution, by eligibility for free or reduced-price school lunch, grade 8: 2003
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Figure H-19. TRE Simulation scientific exploration skill score distribution, by eligibility for free or reduced-price school lunch,
grade 8: 2003
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Figure H-20. TRE Simulation scientific synthesis score distribution, by eligibility for free or reduced-price school lunch,
grade 8: 2003
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Figure H-21. TRE Simulation computer skills score distribution, by eligibility for free or reduced-price school lunch,
grade 8: 2003
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Appendix I: Summary Statistics for Prior Knowledge Measures and Mean Scale Scores
for Background-Question Response Options!

Table I-1.  Unweighted summary statistics for Search
scenario prior knowledge measures, grade 8:

Table I-2.  Unweighted summary statistics for Simulation
scenario prior knowledge measures, grade 8:

2003 2003

Prior computer  Prior science Prior computer  Prior science
Statistic knowledge knowledge Statistic knowledge knowledge
Number of students 1,059 1,062 Number of students 960 986
Mean score 5.6 5.0 Mean score 5.5 53
Standard deviation 2.1 1.8 Standard deviation 2.0 24
Scale range 0-10 0-10 Scale range 0-10 0-10
Coefficient alpha reliability .58 .39 Coefficient alpha reliability b1 .67

NOTE: Students’ scores for a particular prior knowledge measure were

deleted from this analysis if they did not answer all 10 questions in a scale.

SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

NOTE: Students’ scores for a particular prior knowledge measure were
deleted from this analysis if they did not answer all 10 questions in a scale.
SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

I'The items composing the Prior Computer Knowledge measure were the same for the Search and Simulation scenarios. For the Prior
Science Knowledge measure, different items were used for each scenario.
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Table I-3.  Data for figure 5-3, mean scale scores, by extent of specific computer use and scale for Search scenario,
grade 8: 2003

Use a word processor

Scale Not at all Small extent Moderate extent Large extent
Search total score 130 (4.1) 145 (2.8) 153 (2.2) 157 (2.5)
Search scientific inquiry score 132 (3.9) 145 (3.4) 153 (2.7) 156 (2.3)
Search computer skills score 133 (3.9) 146 (2.8) 151 (2.4) 159 (2.6)
Make drawings/art on computer
Scale Not at all Small extent Moderate extent Large extent
Search total score 151 (3.3) 152 (2.2) 149 (2.7) 138 (3.7)
Search scientific inquiry score 151 (3.2) 152 (2.2) 149 (3.3) 137 (4.0)
Search computer skills score 151 (2.4) 151 (2.3) 151 (2.5) 139 (4.2)
Make tables, charts, or graphs on computer
Scale Not at all Small extent Moderate extent Large extent
Search total score 145 (2.8) 155 (2.1) 150 (3.4) 134 (5.8)
Search scientific inquiry score 146 (2.9) 154 (2.7) 149 (2.8) 136 (5.8)
Search computer skills score 145 (2.8) 154 (1.8) 151 (3.7) 137 (5.6)
Look up information on a CD
Scale Not at all Small extent Moderate extent Large extent
Search total score 148 (2.8) 154 (2.7) 152 (2.7) 141 (3.4)
Search scientific inquiry score 149 (3.0) 154 (3.2) 151 (3.1) 143 (3.0)
Search computer skills score 148 (3.2) 153 (2.5) 152 (2.5) 144 (3.1)
Find information on the Internet
Scale Not at all Small extent Moderate extent Large extent
Search total score t 136 (3.8) 149 (2.7) 154 (2.2)
Search scientific inquiry score t 137 (4.4) 150 (3.4) 153 (2.3)
Search computer skills score ¥ 134 (4.0) 149 (2.6) 154 (2.5)
Use e-mail
Scale Not at all Small extent Moderate extent Large extent
Search total score 138 (3.1) 146 (3.1) 151 (3.8) 156 (2.2)
Search scientific inquiry score 139 (3.8) 147 (3.7) 152 (2.6) 155 (2.2)
Search computer skills score 141 (3.3) 145 (3.0) 151 (2.7) 155 (2.1)
Talk in chat groups
Scale Not at all Small extent Moderate extent Large extent
Search total score 142 (2.6) 147 (3.6) 149 (3.3) 157 (2.3)
Search scientific inquiry score 143 (3.4) 147 (2.9) 149 (2.5) 156 (2.6)
Search computer skills score 143 (2.8) 147 (3.4) 149 (3.3) 157 (2.0)

f Reporting standards not met. Sample size was insufficient to permit a reliable estimate.

NOTE: The range of scores for each scale is 0-300. Standard errors of the estimated scores appear in parentheses.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Table I-4.  Data for figure 5-4, mean scale scores, by frequency of computer use and scale for
Search scenario, grade 8: 2003
How often do you use a computer outside of school?

2-3 times Once a Once every Never or
Scale Daily  per week week few weeks hardly ever
Search total score 158 (2.4) 146 (2.2) 147 (3.6) 130 (5.8) 126 (5.1)
Search scientific inquiry score 157 (2.3) 147 (2.0) 147 (3.7) 131 (6.1) 129 (4.5)
Search computer skills score 157 (2.1) 148 (2.4) 147 (3.8) 129 (4.7) 131 (3.1)

NOTE: The range of scores for each scale is 0-300. Standard errors of the estimated scores appear in parentheses.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National
Assessment of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Table I-5.  Data for figure 5-5, mean scale scores, by
students indicating there is a computer at
home that they use and scale for
Search scenario, grade 8: 2003

Is there a computer at
home that you use?
Scale Yes No
Search total score 153 (1.9) 125 (3.4)
Search scientific inquiry score 152 (1.9) 129 (3.3)
Search computer skills score 152 (1.9) 131 (3.5)

NOTE: The range of scores for each scale is 0-300. Standard errors of the
estimated scores appear in parentheses.

SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich
Environments Study.

Table I-6.  Data for figure 5-6, mean scale scores, by frequency of school science activity and scale for Search
scenario, grade 8: 2003
Use the Internet to exchange information with other students or scientists about experiments
Sometimes, but less
Scale Not taking science  Once a month or more than once a month Never
Search total score t 146 (3.3) 145 (3.5) 154 (2.2)
Search scientific inquiry score t 145 (3.4) 144 (3.3) 154 (1.8)
Search computer skills score T 147 (2.7) 147 (3.1) 153 (2.0)

T Reporting standards not met. Sample size was insufficient to permit a reliable estimate.

NOTE: The range of scores for each scale is 0-300. Standard errors of the

estimated scores appear in parentheses.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Table I-7.  Data for figure 6-4, mean scale scores, by extent of specific computer use and scale for Simulation scenario,
grade 8: 2003

Play computer games
Scale Not at all Small extent Moderate extent Large extent
Simulation total score 140 (5.8) 149 (3.1) 153 (2.6) 152 (3.2)
Simulation scientific exploration score 137 (4.9) 149 (2.7) 153 (2.4) 154 (3.7)
Simulation scientific synthesis score 141 (4.8) 148 (3.4) 153 (2.2) 151 (3.3)
Simulation computer skills score 143 (6.0) 150 (3.7) 152 (3.7) 148 (4.0)
Use a word processor
Scale Not at all Small extent Moderate extent Large extent
Simulation total score 121 (4.3) 140 (3.6) 153 (2.6) 163 (2.7)
Simulation scientific exploration score 125 (5.3) 141 (4.0) 153 (2.3) 161 (2.3)
Simulation scientific synthesis score 124 (4.2) 141 (3.8) 153 (2.5) 161 (2.0)
Simulation computer skills score 123 (4.4) 138 (4.5) 152 (3.2) 165 (4.4)
Make tables, charts, or graphs on computer
Scale Not at all Small extent Moderate extent Large extent
Simulation total score 136 (2.9) 157 (2.4) 154 (3.7) 148 (5.3)
Simulation scientific exploration score 138 (3.2) 156 (2.1) 153 (3.4) 147 (5.4)
Simulation scientific synthesis score 136 (3.5) 156 (2.2) 154 (3.1) 149 (5.9)
Simulation computer skills score 135 (3.7) 156 (3.2) 155 (4.9) 151 (6.5)
Find information on the Internet
Scale Not at all Small extent Moderate extent Large extent
Simulation total score t 133 (4.4) 147 (3.5) 156 (2.5)
Simulation scientific exploration score T 137 (3.7) 147 (3.3) 155 (2.2)
Simulation scientific synthesis score i 136 (4.5) 147 (3.1) 155 (2.2)
Simulation computer skills score T 131 (4.4) 148 (4.0) 156 (3.6)

1 Reporting standards not met. Sample size was insufficient to permit a reliable estimate.

NOTE: The range of scores for each scale is 0-300. Standard errors of the estimated scores appear in parentheses.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Table I-8.  Data for figure 6-5, mean scale scores, by frequency of computer use and scale for Simulation scenario,
grade 8: 2003

How often do you use a computer outside of school?

2-3 times Once every Never or
Scale Daily perweek  Once a week few weeks hardly ever
Simulation total score 160 (2.1) 147 (2.9) 134 (7.1) 130 (6.1) 118 (3.0)
Simulation scientific exploration score 159 (2.3) 148 (2.5) 136 (7.3) 134 (5.1) 119 (5.3)
Simulation scientific synthesis score 159 (2.0) 148 (2.4) 136 (9.1) 135 (5.9) 119 (2.7)
Simulation computer skills score 159 (3.4) 147 (3.6) 135 (7.3) 134 (6.7) 121 (3.7)

NOTE: The range of scores for each scale is 0-300. Standard errors of the estimated scores appear in parentheses.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Table I-9.  Data for figure 6-6, mean scale scores, by students
indicating there is a computer at home that they use and
scale for Simulation scenario, grade 8: 2003

Is there a computer at
home that you use?

Scale Yes No
Simulation total score 154 (2.1) 123 (4.4)
Simulation scientific exploration score 154 (1.8) 125 (5.2)
Simulation scientific synthesis score 154 (2.0) 125 (4.4)
Simulation computer skills score 153 (3.3) 128 (4.7)

NOTE: The range of scores for each scale is 0-300. Standard errors of the estimated
scores appear in parentheses.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National
Center for Education Statistics, National Assessment of Educational Progress (NAEP),
2003 Problem Solving in Technology-Rich Environments Study.
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Appendix J: Performance on Problem Solving in Technology-Rich Environments (TRE)
Observables

Table J-1. Weighted percentage of students achieving each level of correctness on each Search scenario scientific inquiry
observable in order of first appearance on item map (figure 5-1), grade 8: 2003

Observable and level of correctness Weighted percent
Correctly answering most, if not all (three or four), of the four multiple-choice items that require web searching. 18
Correctly answering some (one or two) of the four multiple-choice items that require web searching. 64
Correctly answering none of the four multiple-choice items that require web searching. 18
Using search terms that, on average, match those of proficient searchers to at least a moderate degree. 33
Using search terms that, on average, match those of proficient searchers only to a limited degree. 46
Using search terms that, on average, did not match those of proficient searchers. 21
Constructing a response that gives a reasonably complete answer to the motivating Search problem (i.e., three or

more advantages of using gas balloons). 15
Constructing a response that only partially answers the motivating Search problem (i.e., giving only one or two

advantages of using gas balloons). 35
Constructing a response that fails to answer the motivating Search problem (i.e., giving no advantages of using gas

balloons). 43
Did not construct a response. 7
Bookmarking or visiting pages that are, on average, relevant to the question posed. 14
Bookmarking or visiting pages that are, on average, partially relevant to the question posed. 12
Bookmarking or visiting pages that are, on average, irrelevant to the question posed. 36
Did not bookmark, did not visit pages, did not search, or produced otherwise unscorable response for this observable. 38
Producing at least one set of search results with hits that are, on average, relevant to the question posed (i.e., have

relevance scores averaging between 3 and 4 on a four-point scale, where a score of 4 denotes the most relevant hits). 1

Producing at least one set of search results with hits that are, on average, partially relevant to the question posed
(i.e., have relevance scores averaging between 2 and 3 on a four-point scale, where a score of 4 denotes the most

relevant hits). 11
Producing search results with hits that are, on average, irrelevant to the question posed (i.e., have relevance scores

below 2 on a four-point scale, where a score of 4 denotes the most relevant hits). 83
Did not run any searches. 5

NOTE: Detail may not sum to totals because of rounding. Evaluation levels for certain observables were collapsed during analysis; hence, not all the levels for
these observables shown in this table appear in the item map.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Table J-2. Weighted percentage of students achieving each level of correctness on each Search scenario computer skills
observable in order of first appearance on item map (figure 5-2), grade 8: 2003

Observable and level of correctness Weighted percent

Using the Back button frequently (at least five times) to navigate among web pages or from web pages to the search

page. 69
Using the Back button occasionally (three or four times) to navigate among web pages or from web pages to the

search page. 10
Using the Back button rarely (two times or less) to navigate among web pages or from web pages to the search page. 21
Using hyperlinks frequently (at least 5 times) to explore web pages linked to the page currently being viewed. 55
Using hyperlinks with moderate frequency (3 to 4 times) to explore web pages linked to the page currently being

viewed. 11
Using hyperlinks with limited frequency (1 to 2 times) to explore web pages linked to the page currently being

viewed. 15
Did not use hyperlinks to explore web pages linked to the page currently being viewed. 20
Using bookmarks with at least moderate frequency (two or more times). 58
Using bookmarks with limited frequency (one time). 13
Did not use bookmarks. 29
Returning relevant results after only a small number of attempts (1-3). 37
Returning relevant results after a moderate number of attempts (4-6). 24
Returning relevant results after many attempts (more than 6) or does not return relevant results at all. 34
Did not attempt any searches. 5
Using advanced search techniques with at least moderate frequency (3 or more searches).

Using advanced search techniques with limited frequency (1-2 searches). 24
Did not use advanced search techniques. 68
Using Delete with at least moderate frequency (2 or more times) to remove a page that had been bookmarked. 3
Using Delete with limited frequency (1 time) to remove a page that had been bookmarked. 8
Did not to use Delete to remove a page that had been bookmarked. 89

NOTE: Detail may not sum to totals because of rounding. Evaluation levels for certain observables were collapsed during analysis; hence, not all the levels for
these observables shown in this table appear in the item map.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Table J-3. Weighted percentage of students achieving each level of correctness on each Simulation scenario scientific
exploration observable in order of first appearance on item map (figure 6-1), grade 8: 2003

Observable and level of correctness Weighted percent
Using the glossary of science terms in Simulation problem 1 with low frequency or never. 80
Using the glossary of science terms in Simulation problem 1 with moderate frequency. 17
Using the glossary of science terms in Simulation problem 1 with high frequency. 2
Did not produce a scorable response for this observable. 1
Creating a table for Simulation problem 2 that includes only the dependent and independent variables germane to the

problem. 9
Creating a table for Simulation problem 2 that includes both of the variables germane to solving the problem along with

other variables. 19
Creating a table for Simulation problem 2 that either includes one of the variables germane to solving the problem

along with experimental data, or both germane variables without data. 17
Creating a table for Simulation problem 2 that does not include either of the variables germane to solving the problem,

or includes one germane variable without experimental data. 13
Did not create a table for Simulation problem 2. 42
Controlling for one variable in at least 66 percent of the experiments run for Simulation problem 3. 46
Controlling for one variable in 40 to 65 percent of the experiments run for Simulation problem 3. 9
Controlling for one variable in less than 40 percent of the experiments run for Simulation problem 3. 3
Running an insufficient number of experiments for controlled experimentation to be evaluated for Simulation problem 3. 40
Did not produce scorable response for this observable. 1
Running a set of experiments sufficient in number, range, and distribution to confirm that the relationship between

altitude and amount of helium takes the form of a step function for Simulation problem 2. #
Running a set of experiments sufficient in number, range, and distribution to confirm that the relationship between

altitude and amount of helium is nonlinear for Simulation problem 2. 51
Running a set of experiments that suggests that the relationship between altitude and amount of helium takes the form

of a two-piece linear one for Simulation problem 2. 9
Running a set of experiments that suggests that the relationship between altitude and amount of helium is linear for

Simulation problem 2. 40
Running a set of experiments sufficient in number, range, and distribution to reveal the linear relationship between

altitude and mass for Simulation problem 1. 24
Running experiments sufficient in number and range but not in distribution to confirm the linear relationship between

mass and altitude for Simulation problem 1. 24
Running experiments either sufficient in number or in range to confirm the linear relationship between altitude and

mass for Simulation problem 1. 10
Running experiments insufficient in number, range, or distribution to confirm the linear relationship between altitude

and mass for Simulation problem 1. 42
Did not produce scorable response for this observable. 1
Creating a graph for Simulation problem 2 with the correct variables on the correct axes, with experimental data. 22
Creating a graph for Simulation problem 2 with the correct variables on the correct axes, with minimal experimental

data or without data. 13
Creating a graph for Simulation problem 2 with only one or neither of the correct variables on the correct axes. 22
Did not create a graph for Simulation problem 2. 42

See notes at end of table.
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Table J-3. Weighted percentage of students achieving each level of correctness on each Simulation scenario scientific
exploration observable in order of first appearance on item map (figure 6-1), grade 8: 2003—Continued

Observable and level of correctness Weighted percent

Creating a graph for Simulation problem 1 with the correct variables on the correct axes that shows at least two data

points. 19
Creating a graph for Simulation problem 1 with the correct variables on the correct axes but that shows no experimental

data or only one data point. 16
Creating a graph for Simulation problem 1 with only one or neither of the correct variables on the correct axes. 27
Did not create a graph for Simulation problem 1. 38

Running experiments for at least two values of mass and, for at least one of those values, conducting a set of

experiments with amounts of helium sufficient in number and in range to confirm that the relationship between altitude

and volume takes the form of a step function for Simulation problem 3. 9
Running experiments for at least one value of mass and conducting a set of experiments with amounts of helium

sufficient in number and in range to confirm that the relationship between altitude and volume is nonlinear for

Simulation problem 3. 4
Running experiments for at least one value of mass and conducting a set of experiments with amounts of helium that

suggest that the relationship between altitude and volume takes the form of a two-piece linear function for Simulation

problem 3. 15
Running experiments for at least one value of mass and conducting a set of experiments that suggest that the

relationship between altitude and volume takes the form of a linear function for Simulation problem 3. 71
Creating a table for Simulation problem 1 that includes only the dependent and independent variables most germane

to the problem. 8
Creating a table for Simulation problem 1 that includes the dependent and independent variables most germane to the

problem as well as other variables. 18

Creating a table for Simulation problem 1 that includes the dependent OR independent variable most germane to the
problem along with experimental data, OR that includes the dependent and independent variables most germane to the
problem as well as other variables, but no data. 16

Creating a table for Simulation problem 1 that includes neither the dependent nor independent variable most germane
to the problem, OR that includes either the dependent OR the independent variable most germane to the problem but

no experimental data. 20
Did not create a table for Simulation problem 1. 37
Creating a graph for Simulation problem 3 with the correct variables on the correct axes that shows data for at least

four experiments (two experiments for each of at least two values of mass). 20
Creating a graph for Simulation problem 3 with the correct variables on the correct axes that shows data for at least

one experiment for each of two masses. 3
Creating a graph for Simulation problem 3 with the correct variables on the correct axes that shows data for one or no

experiments. 27
Creating a graph for Simulation problem 3 that does not have the correct variables on the correct axes. #
Did not create a graph for Simulation problem 3. 50
Creating a table for Simulation problem 3 that includes only the three variables most germane to the problem. 4
Creating a table for Simulation problem 3 that includes the three variables most germane to the problem along with

other variables. 26
Creating a table for Simulation problem 3 that includes the three variables most germane to the problem along with

other variables but no experimental data, OR any two of the most germane variables with data. 26
Creating a table for Simulation problem 3 that includes only one of the three variables most germane to the problem

with experimental data, OR any two of the most germane variables without data. #
Did not create a table for Simulation problem 3. 44

#The estimate rounds to zero.

NOTE: Detail may not sum to totals because of rounding. Evaluation levels for certain observables were collapsed during analysis; hence, not all the levels for
these observables shown in this table appear in the item map.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Table J-4. Weighted percentage of students achieving each level of correctness on each Simulation scenario scientific
synthesis observable in order of first appearance on item map (figure 6-2), grade 8: 2003

Observable and level of correctness Weighted percent

Offering correct and complete (“best”) responses to the constructed-response question that concludes Simulation

problem 3 that explain how the relationship between amount of helium and balloon altitude for more than one

payload mass takes the form of a series of step functions (e.g., “Once the balloon has enough helium to rise into the

air, the balloon will rise to a maximum height and go no higher no matter how much helium is added”). 2
Offering correct but incomplete (“good”) responses to the constructed-response question that concludes Simulation

problem 3 by explaining either the top or the bottom of the step function (e.g., “Once in the air, the balloon will
reach a maximum altitude no matter how much helium is added, and the maximum altitude the balloon can reach

decreases as payload mass increases.”). 7
Offering partially correct responses that can be derived from Simulation problems 1 or 2 to the concluding question

for Simulation problem 3 (e.g., “Below a certain amount of helium the balloon cannot get off the ground.). 43
Offering wholly inaccurate responses to the concluding question for Simulation problem 3. 45
Did not produce scorable response for this observable. 4

Offering correct and complete (“best”) responses to the constructed-response question that concludes Simulation

problem 2 that explain how the relationship between amount of helium and balloon altitude for a payload mass of

100 Ib. takes the form of a step function (e.g., “Once the balloon has enough helium to rise into the air, the balloon

will rise to @ maximum height and go no higher matter how much helium is added.’). 13

Offering correct but incomplete (“good”) responses referring either to the top or the bottom of the step function to the
concluding question for Simulation problem 2 (e.g., “Once in the air, the balloon will reach a maximum altitude no

matter how much helium is added.). 18
Offering partially correct responses that express a linear relationship between altitude and amount of helium to the

concluding question for problem 2 (e.g., “More helium inside the balloon will make the balloon go higher.). 33
Offering wholly inaccurate responses to the concluding question for Simulation problem 2. 34
Did not produce scorable response for this observable. 2

Offering correct and complete (“best”) responses to the constructed-response question that concludes Simulation

problem 1 with specific references to experiments (e.g., “As the payload mass increases, the balloon’s altitude

decreases. For example, when | put 90 Ib. of payload on the balloon, it only went to 10,000 feet. But when | put 50

Ib. of payload mass on the balloon, it went to 22,326, and when | put 10 Ib., it went to 36,211 feet”) 23

Offering correct but incomplete (“partial”) responses that express the linear relationship between mass and altitude
to the concluding question for Simulation problem 1 (e.g., “As the payload mass increases, the balloon’s altitude

decreases”) with no specific references to experiments. 44
Offering wholly inaccurate response to the concluding question for Simulation problem 1. 31
Did not produce scorable response for this observable. 2
Correctly answering the multiple-choice question about the relationship between variables concluding Simulation

problem 1. 59
Incorrectly answering the multiple-choice question about the relationship between variables concluding Simulation

problem 1. 41
Correctly answering the multiple-choice question about the relationship among variables concluding Simulation

problem 3. 31
Incorrectly answering the multiple-choice question about the relationship among variables concluding Simulation

problem 3. 68
Did not produce scorable response for this observable. 1

See notes at end of table.
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Table J-4. Weighted percentage of students achieving each level of correctness on each Simulation scenario scientific
synthesis observable in order of first appearance on item map (figure 6-2), grade 8: 2003—Continued

Observable and level of correctness Weighted percent
Making correct predictions for more than one half of unique experiments run for Simulation problem 2. 9
Making correct predictions for one half to one third of unique experiments run for Simulation problem 2. 6
Making correct predictions for less than one third of unique experiments run for Simulation problem 2. 6
Did not make predictions for Simulation problem 2. 79
Correctly answering the multiple-choice question about the relationship between variables concluding Simulation

problem 2. 23
Incorrectly answering the multiple-choice question about the relationship between variables concluding Simulation

problem 2. 77

NOTE: Detail may not sum to totals because of rounding. Evaluation levels for certain observables were collapsed during analysis; hence, not all the levels for
these observables shown in this table appear in the item map.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Table J-5. Weighted percentage of students achieving each level of correctness on each Simulation scenario computer skills
observable in order of first appearance on item map (figure 6-3), grade 8: 2003

Observable and level of correctness Weighted percent

Never using the interface tools in the wrong order for drawing conclusions in Simulation problem 3 (e.g., clicking on

the Draw Conclusions button without having run any experiments). 93
Using the interface tools in the wrong order for drawing conclusions once or twice in Simulation problem 3 (e.g.,

clicking on the Draw Conclusions button without having run any experiments). 6
Using the interface tools in the wrong order for drawing conclusions at least 3 times in Simulation problem 3 (e.g.,

clicking on the Draw Conclusions button without having run any experiments). #
Never using the interface tools in the wrong order for experimenting in Simulation problem 1 (e.g., clicking on the

Make Predictions button without having chosen any values with which to experiment). 79
Using the interface tools in the wrong order for experimenting once or twice in Simulation problem 1 (e.g., clicking on

the Make Predictions button without having chosen any values with which to experiment). 20
Using the interface tools in the wrong order for experimenting at least 3 times in Simulation problem 1 (e.g., clicking

on the Make Predictions button without having chosen any values with which to experiment). 1
Did not produce scorable response for this observable. 1
Never using Computer Help in Simulation problem 1. 81
Using Computer Help once or twice in Simulation problem 1. 17
Using Computer Help at least 3 times in Simulation problem 1. 1
Did not produce scorable response for this observable. 1
Never using the interface tools in the wrong order for drawing conclusions in Simulation problem 2 (e.g., clicking on

the Draw Conclusions button without having run any experiments). 90
Using the interface tools in the wrong order for drawing conclusions once or twice in Simulation problem 2 (e.g.,

clicking on the Draw Conclusions button without having run any experiments). 9
Using the interface tools in the wrong order for drawing conclusions at least 3 times in Simulation problem 2 (e.g.,

clicking on the Draw Conclusions button without having run any experiments). 1
Never using the interface tools in the wrong order for drawing conclusions in Simulation problem 1 (e.g., clicking on

the Draw Conclusions button without having run any experiments). 75
Using the interface tools in the wrong order for drawing conclusions once or twice in Simulation problem 1 (e.g.,

clicking on the Draw Conclusions button without having run any experiments). 23
Using the interface tools in the wrong order for drawing conclusions at least 3 times in Simulation problem 1 (e.g.,

clicking on the Draw Conclusions button without having run any experiments). 1
Did not produce scorable response for this observable. 1
Key-entering a response of over 150 characters to the constructed-response question concluding Simulation

problem 3. 51
Key-entering a response of 50 to 149 characters to the constructed-response question concluding Simulation

problem 3. 37
Key-entering a response of less than 50 characters to the constructed-response question concluding Simulation

problem 3. 11
Did not produce scorable response for this category. 1

See notes at end of table.
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Table J-5. Weighted percentage of students achieving each level of correctness on each Simulation scenario computer skills
observable in order of first appearance on item map (figure 6-3), grade 8: 2003—Continued

Observable and level of correctness Weighted percent

Key-entering a response of over 150 characters to the constructed-response question concluding Simulation

problem 2. a7
Key-entering a response of 50 to 149 characters to the constructed-response question concluding Simulation

problem 2. 39
Key-entering a response of less than 50 characters to the constructed-response question concluding Simulation

problem 2. 13
Did not produce scorable response for this observable. #
Key-entering a response of over 150 characters to the constructed-response question concluding Simulation

problem 1. 51
Key-entering a response of 50 to 149 characters to the constructed-response question concluding Simulation

problem 1. 38
Key-entering a response of less than 50 characters to the constructed-response question concluding Simulation

problem 1. 10
Did not produce scorable response for this observable. 1

Performing a variety of interface actions (e.g., tabbing among graphs, tables, and the response area; sorting tables)
in Simulation problem 3. 47

Performing some interface actions (e.g., tabbing among graphs, tables, and the response area; sorting tables) in
Simulation problem 3. 28

Performing few interface actions (e.g., tabbing among graphs, tables, and the response area; sorting tables) in
Simulation problem 3. 25

#The estimate rounds to zero.

NOTE: Detail may not sum to totals because of rounding. Evaluation levels for certain observables were collapsed during analysis; hence, not all the levels for
these observables shown in this table appear in the item map.

SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Appendix K: Understanding NAEP Reporting Groups

NAEP results are provided for groups of students de-
fined by shared characteristics—gender, race/ethnicity,
parental education, and eligibility for free/reduced-
price school lunch. Based on participation rate criteria,
results are reported for subpopulations only when suffi-
cient numbers of students and adequate school repre-
sentation are present. The minimum requirement is at
least 62 students in a particular subgroup from at least
five primary sampling units (PSUs) . However, the data
for all students, regardless of whether their subgroup
was reported separately, were included in computing
overall results. Definitions of the subpopulations are
presented below.

Gender

Results are reported separately for male students and
female students.

Race/Ethnicity

In all NAEP assessments, data about student
race/ethnicity is collected from two sources: school
records and student self-reports. Prior to 2002, NAEP
used students’ self-reported race as the primary
race/ethnicity reporting variable. As of 2002, the
race/ethnicity variable presented in NAEP reports

is based on the race reported by the school. When
school-recorded information is missing, student-
reported data are used to determine race/ethnicity.
The mutually exclusive racial/ethnic categories are
White, Black, Hispanic, Asian/Pacific Islander,
American Indian (including Alaska Native), and
Other. Information based on student self-reported
race/ethnicity is available on the NAEP Data Explorer
(http://nces.ed.gov/nationsreportcard/nde/).

Parental Education

Eighth-graders were asked the following two ques-
tions, the responses to which were combined to
derive the parental education variable.

How far in school did your mother go?
A. She did not finish high school.
B. She graduated from high school.
C. She had some education after high school.
D. She graduated from college.
E. I don’t know.

Students were also asked
How far in school did your father go?
A. He did not finish high school.
B. He graduated from high school.
C. He had some education after high school.
D. He graduated from college.
E. I don’t know.

The information was combined into one parental
education reporting variable in the following way: If
a student indicated the extent of education for only
one parent, that level was included in the data. If a
student indicated the extent of education for both
parents, the higher of the two levels was included in
the data. If a student responded “I don’t know” for
both parents, or responded “I don’t know” for one
parent and did not respond for the other, the paren-
tal education level was classified as “I don’t know.” If
the student did not respond for either parent,
the student was recorded as having provided no
response.

Eligibility for Free/Reduced-Price School Lunch

As part of the Department of Agriculture’s National
School Lunch Program, schools can receive cash
subsidies and donated commodities in turn for offer-
ing free or reduced-price lunches to eligible children.
Based on available school records, students were
classified as either currently eligible for free/reduced-
price school lunch or not eligible. Eligibility for the
program is determined by students’ family income in
relation to the federally established poverty level. Free
lunch qualification is set at 130 percent of the poverty
level, and reduced-price lunch qualification is set at
between 130 and 185 percent of the poverty level.
Additional information on eligibility may be found at
the Department of Agriculture website (http://www.
fns.usda.gov/cnd/lunch/). The classification applies
only to the school year when the TRE scenarios were
administered (i.e., the 2002—-2003 school year) and

is not based on eligibility in previous years. If school
records were not available, the student’s information
was recorded as “Unavailable.” If the school did not
participate in the program, all students in that school
were classified as “Unavailable.”

1A PSU is a selected geographic region (a county, group of counties, or metropolitan statistical area).
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